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ABSTRACT 
 
Projection of Truck Traffic Volumes at Interstate Permanent Automatic 
Traffic Recorders 
 
Alex M. Sanchez 
 
 
 
 
This study documents the development of a methodology and models to forecast 
truck traffic volumes on Interstate Highways at a selection of Permanent Automatic 
Traffic Recorder (PATR) sites. The models were developed using data collected over a 
period nine years (1995 to 2003) from sixteen permanent count stations located 
throughout the state. Eight sites were ultimately utilized, five along rural interstate 
highways and the others from urban interstate highways. Model development was based 
on the time series method, using two techniques: regression analysis and the growth 
factor technique. Both were analyzed and compared in order to select the most reliable 
technique to be used in the forecasting procedure. To further understand changes in truck 
traffic patterns, traffic was grouped according to the FHWA vehicle classification 
scheme.  Models were developed for each site and for every truck classification in these 
sites as well. Due to the smaller effect of demographic characteristics on interstate 
highways models; these models were performed using as a predicted variable: the Annual 
Average Daily Truck Traffic data obtained directly from the counters, and time period as 
the unique independent variable. Validation was conducted using the coefficient of 
variation to measure the statistical significance of the results obtained. Further validation 
of models was conducted by the coefficient of regression, and by comparison between the 
based trends data with the predicted models. In the course of the study, regression models 
resulted as the appropriate predictor technique to be used at interstate highways. Models, 
growth factors and figures are reported by every site and truck classification, detailed 
tables containing these factors are presented in the report. 
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CHAPTER 1 
INTRODUCTION 
1.1 Background 
Forecasting truck traffic volumes and truck traffic growth rates are necessary in 
transportation planning, air quality modeling, and geometric design of highways, adding 
lanes, new roadways projects, intersections, and exits ramps. It is also used to determine 
the required thickness of pavement based on the number of 18-KIP ESALs that the 
pavement will be subjected to over the design life.  
The U.S. freight transportation network is a vital component to the national 
economy, moving billions of goods, valued in trillions of dollars.  The movement of bulk 
goods, such as grains, coal, and ores, by rail or barge, still comprises a large share of the 
tonnage moved on the U.S. freight network.  However, lighter and more valuable goods, 
such as manufactured products, are moved by trucks in an increasing percentage.  Until 
recently, most goods were stored in warehouses throughout the country and trucks were 
primarily used to deliver goods to and from these warehouses. Now, goods are more 
often delivered straight from the factory to the customer, changing the travel pattern of 
trucks.  Interstates provide the highest level of service in the U.S. highway system 
through high-speed geometrics and high-strength pavements conducive for truck traffic.  
For this reason, the ability to forecast truck traffic on the Interstate system is valuable in 
understanding and predicting freight movements in the U.S. 
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Understanding that transportation in the U.S. is changing and that future freight 
activity is important for supplying consumer demand and understanding the nature of the 
supply chain is critical.  For this reason, the USDOT created the Freight Analysis 
Framework (FAF), a comprehensive database and policy analysis tool, which estimates 
flows and related freight transportation activity. It also examines geographic relationships 
between freight movement and infrastructure capacity among states.  The FAF was 
developed from several private and government sources; including: the Transportation 
Infrastructure and Activity--Commodity Flow Survey, the U.S. International Trade, the 
National Transportation Statistics, and the Highway Statistics.  The FAF provides 
detailed information on freight flows for motor carrier, rail, water, and air modes and for 
various commodities; its estimates and forecasts are available for 1998, 2010, and 2020. 
For example, the FAF estimates that trucks carried about 71 percent of the total tonnage 
and 80 percent of the total value of U.S. shipments in 1998.  By 2020, the U.S. 
transportation system is expected to handle about 23 billion tons of cargo valued at nearly 
$30 trillion. 
Because truck traffic volumes as well as their weights play an important role in 
the highway operation system, it is absolutely essential that States collect truck volume 
data that describe the changes that exist in travel patterns, aiding in the decision-making 
processes. Accurate and efficient forecasts of truck traffic are helpful in answering  
important questions for engineers and planners charged with the construction, 
maintenance, and operation of the Interstate Highway System: Which roads carry large 
truck traffic volumes?, and Which roads carry light truck traffic volumes? As mentioned, 
the main factor in evaluating the deficiency of freight transportation network is truck 
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traffic volume. By estimating growth rates of truck traffic volume, we anticipate the 
improvements of new facilities by combining a future land use plan and understanding 
the relationship between land use and transportation. Inaccuracies in truck traffic volume 
forecasts are responsible for the additional labor costs, extra material, and over-design of 
facilities. Thus, forecasting truck traffic flow in West Virginia is a key tool in 
understanding the variation in the roadway activity system.  
1.2 Problem Statement 
According to the US Department of Transportation and its Freight Analysis 
Framework, in West Virginia the principal mode of freight transportation is by rail, 176 
million tons in 1998 and expected to be 225 million tons in 2020.  The second most 
common is by truck, which moves most of the “high-value” shipments (103 million tons 
in 1998 and expected to be 185 million tons in 2020). Therefore, truck traffic on 
highways in West Virginia is expected to grow throughout the state over the next 20 
years. Much of the growth will occur in urban areas and on the interstate highway 
system. Truck traffic to and from West Virginia accounted for 14 percent of the average 
annual daily truck traffic (AADTT) on the FAF road network, around  7 percent of truck 
traffic involved in-state shipments, and 42 percent involved trucks traveling across the 
state to other markets. About 37 percent of the AADTT were not identified with a route-
specific origin or destination. 
Research has shown that truck volumes vary over time and space differently than 
car volumes (Hallenbeck et al., 1997), and these variations can be relatively different 
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from one type of truck to another. Furthermore, the truck type characteristics, such as 
vehicle weights, can change dramatically over time and from location to location, even 
within a given truck classification. It is therefore vital that each State develop 
mechanisms within its statewide traffic monitoring program that measure these 
variations. Due to increased Federal interest, the West Virginia Department of 
Transportation/Division of Highways (WVDOH) has the need to project truck traffic 
volumes independently from overall traffic volumes.  The proposal to estimate future 
truck traffic is based on data selected from the Statewide Permanent Automatic Traffic 
Recorders (PATR). 
1.3 Project Objectives 
The objective of this study is to develop models to estimate the truck traffic 
volume along interstate highways, applying a methodology that is accurate and can assist 
transportation professionals in forecasting traffic based on data logged from permanent 
automatic traffic recorders. To reach the study objective, it is necessary to understand that 
urban and rural roads have different travel patterns, and also that traffic on Interstate 
highways behaves differently than non-Interstates. For instance, Interstate highways tend 
to carry considerably more through traffic than non-Interstate. This research predicted 
truck traffic volumes and growth rates at interstate highways from historical trends, 
assuming changes in the growth rate over time.  
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The tasks of this study can be outlined as follows:  
1. To conduct a literature review to assess the state of the procedures and models 
that are used to perform truck traffic forecasting. 
2. To develop a clean sample of truck traffic data from the WVDOH raw data: 
gathering and placing raw data in workable form, eliminating errors, 
discrepancies and improbabilities.  
3. To develop truck traffic growth rates based on annual average daily truck traffic 
trends at individual sites, and for individual truck classification. Sites and truck 
classes may be grouped according to some combination of area type, functional 
classification, and geography. 
4. To document the findings of this research in a final a report. 
 
1.4 Document Organization 
The report contains five chapters. The first chapter discusses the need for forecast 
truck traffic at interstate highways, and identifies the problem, the objective of the study, 
and the task involved. The second chapter provides a review of previous studies 
conducted in the same field for other states and the methods used for data collection and 
analysis. The third chapter explains the methodology adopted and the practical tasks that 
were executed for the completion of the study. In the fourth chapter, the results are 
presented. The fifth chapter provides conclusions, recommendations, suggestions 
obtained from this study; and discusses areas for future improvements.  
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CHAPTER 2 
BACKGROUND AND LITERATURE REVIEW 
2.1 Introduction 
 
This chapter documents the literature reviewed relating to current methods of 
forecasting Annual Average Daily Traffic (AADT). Also, these methods can be used to 
independently analyze the case of truck traffic volumes at Interstate Highways-- Annual 
Average Daily Truck Traffic (AADTT). The primary source in this literature review is 
the examination of the Traffic Monitoring Guide, FHWA 2001, and The Guidebook on 
Statewide Travel Forecasting, FHWA, 1999, since these serve as guidelines for states’ 
traffic monitoring programs. In addition, the literature review includes the examination 
into how other states’ programs have been doing the forecasting process and how they 
have followed the FHWA recommendations. Furthermore, previous and most recent 
studies related to this topic are reviewed in this chapter. 
Within the methodologies and approaches for estimating growth rates and 
forecasting future truck traffic, Annual Average Daily Truck Traffic (AADTT) is a key 
factor to estimate vehicles miles traveled (VMT) on all roadways by local governments. 
This information is also used by the U.S. Environmental Protection Agency (EPA) to 
establish conformity with the 1990 Clean Air Act Amendment (Legislation focused on 
the fuel rather than the vehicles engines to reduce ozone-forming and carbon monoxide 
emission from automobiles). Therefore, the forecasting process is vital in providing  
accurate traffic data to develop traffic growth rates and to estimate truck traffic volumes. 
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Traffic data usually comes from different sources such as: Automatic Traffic Recorder 
(ATR) stations throughout states that constantly record traffic and are considered the 
most accurate type of traffic data, portable counts, economic and demographic data, 
county population, county employment, annual population growth rate, and information 
about traffic directions and peak hour rates (Dixon, 2004).  When this information or data 
is unavailable, the estimates could be made by comparison of highways with similar 
characteristics. (Zhao and Chung, 2001).  
A basic process for estimating AADTT using a sample of traffic count data is as 
follows: 
1. To obtain data for any type of traffic count. 
2. To develop a clean sample of traffic volume. 
3. To develop truck traffic growth rates model based on AADTT. 
4. To group sites with some similar characteristics to improve the prediction of 
traffic. 
 
Truck traffic data usually comes from traffic monitoring programs from states, 
which gather, handle, and analyze traffic data. 
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2.2 Traffic Monitoring Programs 
 
Traditionally, the major goal of traffic monitoring programs is the development of 
factors to estimate annual average daily traffic.   Recently, monitoring truck traffic has 
emerged as an important application of traffic monitoring. Usually, truck traffic is 
estimated as a percentage of the number of vehicles traveling. Some highways carry the 
same traffic but with a large difference in truck traffic volume; therefore, it is necessary 
to be able to monitor all of these traveler differences in order to make correct decisions 
about the design, operation, and maintenance of roadways. It is important that each State 
implement a statewide traffic monitoring program to analyze and report these variations. 
One of the most important points in monitoring programs is the necessity to collect and 
manage data to produce analyses. To accomplish this goal, state programs have the 
necessity to measure different time scales: time of day, day of week, and season (month) 
of the year.  Furthermore, location is essential in order to further understand the variation 
of truck traffic. The cost of monitoring programs could be excessive for the state DOT 
budgets; therefore, an adequate number and location of continuous counters are needed to 
reduce the cost of programs and to obtain quality information regarding the various truck 
traffic patterns in the highway system. The Traffic Monitoring Guide highlights that:  
“A State that recognizes that these data collection efforts exist and is able to cost-
effectively capture, summarize, and use these data can significantly improve the 
quality of its traffic monitoring information at relatively low marginal cost”. 
 
Thus, a well-designed traffic monitoring program consists of a modest number of 
permanent data collection sites and large number of short duration data-collection efforts 
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(FHWA, 2001). Currently, there are varieties of traffic collector devices commercially 
available, but the most common in use today for traffic engineers is automatic traffic 
recorders (ATRs). 
2.2.1 Automatic Traffic Recorders (ATRs) 
Automatic traffic recorders are loop detectors, which have been used for many 
years to monitor traffic at specific locations. The ATRs collect data 24 hours a day, 365 
days annually, for each lane. The equipment records traffic volumes as total and as 
directional traffic for each station. In addition, the equipment collects traffic volumes by 
vehicle classification (13 classes) and unclassified (Classes 14 and 15), weight-in-motion 
(determines vehicle weights while vehicles are moving), and speed data in 5-mph 
increments. The data also include date, time, locations, site number and direction. 
Automatic Traffic Recorder data are commonly stored on site as hourly volumes by lane 
and are downloaded periodically (daily, weekly, or monthly) to a central location.  At the 
central location, the data are checked for quality, summarized, and stored for later use. In 
other cases, the data are stored but are not reported or made available in a useable form to 
other data users. Some ATRs may suffer periods of downtime due to problems with the 
equipment, communication difficulties, and power failures. This may result in hours or 
days of missing data that consequently introduce biases in the factor computation, 
particularly when blocks of data are lost (FHWA 2001). Making this information 
available was the first objective in the course of this project. Raw data was handled and 
placed in a usable form and divided in workbooks: by lane, by direction, by hour, by day, 
and by month.  A sample of raw data from Automatic Traffic Recorders is shown, and the 
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procedure used to organize raw data is described in the next chapter. Among the values 
commonly reported from ATRs are the following:   
• Annual average daily traffic at the site (AADT) 
• Annual average weekday traffic at the site (AAWDT) 
• Seasonal adjustment factors 
• Day-of-week adjustment factors 
These values allow project engineers to analyze and to establish truck traffic patterns 
present in the highway system. The TMG shows truck traffic patterns by time of day, day 
of week, and season during the year as is illustrated by Figures 2.1, 2.2, 2.3 and 2.4.  
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Figure 2.1-Basic Time-of-Day Patterns (FHWA, 2001) 
 
Figure 2.2-Weekday/Weekend Truck Percentage (FHWA, 2001) 
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Figure 2.3-Typical Day-of-Week Traffic Patterns 
 
 
 
 
Figure 2.4-Typical Monthly Volume Patterns
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Sample Data– Output data from Interstate Permanent Automatic Traffic Recorder--WV (Site 47—January 1, 2003) 
 
 
DISTRIBUTION OF VEHICLE CLASSIFICATIONS BY HOUR OF DAY 
======================================================================================================================== 
SITE NO :        047               Location :  I-77, 1.0 MI. S 0F WV 112              Lane(s) :     1 
DATE    :   01/01/03               County   :  055          State-ID : 54             Direction :   5 
======================================================================================================================== 
HOURLY SUMMARY                                   VEHICLE COUNTS 
--------------                                   -------------- 
HOUR                1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
------------------------------------------------------------------------------------------------------------------------ 
 0- 1               0    40    14     1     4     3     0     0    27     0     0     0     0     0    21      110 
 1- 2               0    20    18     1     2     0     0     4    13     0     0     0     0     0    15       73 
 2- 3               0    32    12     0     0     0     0     0    14     0     0     0     0     0    11       69 
 3- 4               0    21    13     0     2     0     0     0    14     0     0     0     0     0    10       60 
 4- 5               0    28     7     2     1     0     1     2    14     0     0     0     0     0    10       65 
 5- 6               0    27     7     0     3     0     0     1    14     0     0     0     0     0     7       59 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0   168    71     4    12     3     1     7    96     0     0     0     0     0    74      436 
======================================================================================================================== 
 6- 7               0    26    13     2     3     0     0     0     6     0     0     0     0     0     3       53 
 7- 8               0    38    17     1     2     0     0     1     8     0     0     0     0     0     9       76 
 8- 9               1    61    30     0     7     2     0     1    13     1     0     0     0     0    11      127 
 9-10               0    96    48     0     1     0     0     5    15     0     0     0     0     0    15      180 
10-11               1   149    67     2    21     2     0     5    21     1     0     0     1     0    18      288 
11-12               0   236    67     3    22     0     0     2    17     1     0     0     0     0    37      385 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          2   606   242     8    56     4     0    14    80     3     0     0     1     0    93     1109 
======================================================================================================================== 
12-13               2   263   103     5    22     2     0     6    35     0     0     0     0     0    38      476 
13-14               4   250   105     4    36     0     0     6    36     1     0     0     2     0    38      482 
14-15               2   338   121     3    30     1     0     2    37     0     0     0     1     0    22      557 
15-16               0   335   125     2    21     1     0     3    38     2     0     0     0     0    36      563 
16-17               0   353   135     5    30     0     0     3    35     0     0     0     0     0    36      597 
17-18               2   327   114     6    32     0     0     6    40     1     0     0     1     0    39      568 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS         10  1866   703    25   171     4     0    26   221     4     0     0     4     0   209     3243 
======================================================================================================================== 
18-19               3   252    84     2    26     0     0     6    41     1     0     0     1     0    33      449 
19-20               1   192    66     1    20     0     0     3    58     3     0     0     0     0    34      378 
20-21               0   184    72     3    15     1     0     6    44     0     0     0     1     0    28      354 
21-22               0   142    58     1    11     0     0     1    56     0     0     0     0     0    27      296 
22-23               1   133    34     2     5     0     0     2    45     0     0     0     0     0    27      249 
23-24               0   100    30     1     8     0     0     3    30     1     0     0     0     0    23      196 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          5  1003   344    10    85     1     0    21   274     5     0     0     2     0   172     1922 
======================================================================================================================== 
DAILY SUMMARY                                        VEHICLE COUNTS 
------------------------------------------------------------------------------------------------------------------------ 
                    1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
TOTAL              17  3643  1360    47   324    12     1    68   671    12     0     0     7     0   548       6710 
PERCENT           0.3  54.3  20.3   0.7   4.8   0.2   0.0   1.0  10.0   0.2   0.0   0.0   0.1   0.0   8.2      100.0 
======================================================================================================================== 
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DISTRIBUTION OF VEHICLE CLASSIFICATIONS BY HOUR OF DAY 
======================================================================================================================== 
SITE NO :        047               Location :  I-77, 1.0 MI. S 0F WV 112              Lane(s) :     2 
DATE    :   01/01/03               County   :  055          State-ID : 54             Direction :   5 
======================================================================================================================== 
HOURLY SUMMARY                                   VEHICLE COUNTS 
--------------                                   -------------- 
HOUR                1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
------------------------------------------------------------------------------------------------------------------------ 
 0- 1               0    22     0     0     0     0     0     0     0     0     0     0     0     0     0       22 
 1- 2               0     4     0     0     0     0     0     0     0     0     0     0     0     0     0        4 
 2- 3               0     7     0     0     0     0     0     0     0     0     0     0     0     0     0        7 
 3- 4               0    11     0     0     0     0     0     0     0     0     0     0     0     0     0       11 
 4- 5               0     1     0     0     0     0     0     0     0     0     0     0     0     0     0        1 
 5- 6               0     5     0     0     0     0     0     0     0     0     0     0     0     0     0        5 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0    50     0     0     0     0     0     0     0     0     0     0     0     0     0       50 
======================================================================================================================== 
 6- 7               0     6     0     0     0     0     0     0     0     0     0     0     0     0     0        6 
 7- 8               0     6     0     0     0     0     0     0     0     0     0     0     0     0     0        6 
 8- 9               0    15     0     0     0     0     0     0     0     0     0     0     0     0     0       15 
 9-10               0    43     0     0     0     0     0     0     0     0     0     0     0     0     0       43 
10-11               0    71     0     0     0     0     0     0     0     0     0     0     0     0     0       71 
11-12               0   144     0     0     0     0     0     0     0     0     0     0     0     0     0      144 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0   285     0     0     0     0     0     0     0     0     0     0     0     0     0      285 
======================================================================================================================== 
12-13               0   238     0     0     0     0     0     0     0     0     0     0     0     0     0      238 
13-14               0   320     0     0     0     0     0     0     0     0     0     0     0     0     0      320 
14-15               0   380     0     0     0     0     0     0     0     0     0     0     0     0     0      380 
15-16               0   409     0     0     0     0     0     0     0     0     0     0     0     0     0      409 
16-17               0   391     0     0     0     0     0     0     0     0     0     0     0     0     0      391 
17-18               0   379     0     0     0     0     0     0     0     0     0     0     0     0     0      379 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0  2117     0     0     0     0     0     0     0     0     0     0     0     0     0     2117 
======================================================================================================================== 
18-19               0   273     0     0     0     0     0     0     0     0     0     0     0     0     0      273 
19-20               0   234     0     0     0     0     0     0     0     0     0     0     0     0     0      234 
20-21               0   171     0     0     0     0     0     0     0     0     0     0     0     0     0      171 
21-22               0   129     0     0     0     0     0     0     0     0     0     0     0     0     0      129 
22-23               0   102     0     0     0     0     0     0     0     0     0     0     0     0     0      102 
23-24               0    67     0     0     0     0     0     0     0     0     0     0     0     0     0       67 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0   976     0     0     0     0     0     0     0     0     0     0     0     0     0      976 
======================================================================================================================== 
 
DAILY SUMMARY                                        VEHICLE COUNTS 
------------------------------------------------------------------------------------------------------------------------ 
                    1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
 
TOTAL               0  3428     0     0     0     0     0     0     0     0     0     0     0     0     0       3428 
PERCENT           0.0 100.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0      100.0 
 
======================================================================================================================== 
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DISTRIBUTION OF VEHICLE CLASSIFICATIONS BY HOUR OF DAY 
======================================================================================================================== 
SITE NO :        047               Location :  I-77, 1.0 MI. S 0F WV 112              Lane(s) :     3 
DATE    :   01/01/03               County   :  055          State-ID : 54             Direction :   1 
======================================================================================================================== 
HOURLY SUMMARY                                   VEHICLE COUNTS 
--------------                                   -------------- 
HOUR                1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
------------------------------------------------------------------------------------------------------------------------ 
 0- 1               2    11     6     0     0     0     0     0     2     0     0     0     0     0     3       24 
 1- 2               0     9     3     0     0     0     0     0     1     0     0     0     0     0     0       13 
 2- 3               1     2     1     0     0     0     0     0     0     0     0     0     0     0     0        4 
 3- 4               1     4     1     0     0     0     0     0     0     0     0     0     0     0     0        6 
 4- 5               0     4     1     0     0     0     0     0     0     0     0     0     0     0     0        5 
 5- 6               0     5     1     0     0     0     0     0     0     0     0     0     0     0     0        6 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          4    35    13     0     0     0     0     0     3     0     0     0     0     0     3       58 
======================================================================================================================== 
 6- 7               0     5     0     0     0     0     0     0     0     0     0     0     0     0     0        5 
 7- 8               0     4     3     0     0     0     0     0     0     0     0     0     0     0     1        8 
 8- 9               0    10     2     0     0     0     0     1     0     0     0     0     0     0     1       14 
 9-10               1    21    10     0     1     0     0     0     0     0     0     0     0     0     0       33 
10-11               4    39    23     0     1     0     0     0     2     0     0     0     0     0     3       72 
11-12               6    82    41     0     0     0     0     1     3     0     0     0     0     0     5      138 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS         11   161    79     0     2     0     0     2     5     0     0     0     0     0    10      270 
======================================================================================================================== 
12-13               8    92    33     0     1     0     0     0     6     0     0     0     0     0     5      145 
13-14               6   107    33     1     1     1     0     1     1     0     0     0     0     0    10      161 
14-15               7   121    46     0     1     0     0     3     3     0     0     0     0     0    16      197 
15-16               6   221    75     0     3     1     0     1     6     0     0     0     0     0    47      360 
16-17               5   190    60     1     1     0     0     2     5     0     0     0     1     0    33      298 
17-18               5   138    42     0     2     1     0     1     3     0     0     0     0     0    18      210 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS         37   869   289     2     9     3     0     8    24     0     0     0     1     0   129     1371 
======================================================================================================================== 
18-19               4   117    55     0     0     0     0     0     4     0     0     0     0     0    13      193 
19-20               2    86    27     0     0     0     0     0     5     0     0     0     0     0     1      121 
20-21               6    64    21     1     0     1     0     0     4     0     0     0     0     0     3      100 
21-22               3    52    13     0     0     0     0     1     4     0     0     0     0     0     2       75 
22-23               0    23    14     0     0     0     0     0     3     0     0     0     0     0     1       41 
23-24               1    20     4     0     0     0     0     0     2     0     0     0     0     0     0       27 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS         16   362   134     1     0     1     0     1    22     0     0     0     0     0    20      557 
======================================================================================================================== 
DAILY SUMMARY                                        VEHICLE COUNTS 
------------------------------------------------------------------------------------------------------------------------ 
                    1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
 
TOTAL              68  1427   515     3    11     4     0    11    54     0     0     0     1     0   162       2256 
PERCENT           3.0  63.3  22.8   0.1   0.5   0.2   0.0   0.5   2.4   0.0   0.0   0.0   0.0   0.0   7.2      100.0 
 
======================================================================================================================== 
   
 
 
16  
DISTRIBUTION OF VEHICLE CLASSIFICATIONS BY HOUR OF DAY 
======================================================================================================================== 
SITE NO :        047               Location :  I-77, 1.0 MI. S 0F WV 112              Lane(s) :     4 
DATE    :   01/01/03               County   :  055          State-ID : 54             Direction :   1 
======================================================================================================================== 
HOURLY SUMMARY                                   VEHICLE COUNTS 
--------------                                   -------------- 
HOUR                1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
------------------------------------------------------------------------------------------------------------------------ 
 0- 1               0   121     0     0     0     0     0     0     0     0     0     0     0     0     0      121 
 1- 2               0    73     0     0     0     0     0     0     0     0     0     0     0     0     0       73 
 2- 3               0    70     0     0     0     0     0     0     0     0     0     0     0     0     0       70 
 3- 4               0    51     0     0     0     0     0     0     0     0     0     0     0     0     0       51 
 4- 5               0    45     0     0     0     0     0     0     0     0     0     0     0     0     0       45 
 5- 6               0    49     0     0     0     0     0     0     0     0     0     0     0     0     0       49 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0   409     0     0     0     0     0     0     0     0     0     0     0     0     0      409 
======================================================================================================================== 
 6- 7               0    47     0     0     0     0     0     0     0     0     0     0     0     0     0       47 
 7- 8               0    86     0     0     0     0     0     0     0     0     0     0     0     0     0       86 
 8- 9               0   130     0     0     0     0     0     0     0     0     0     0     0     0     0      130 
 9-10               0   205     0     0     0     0     0     0     0     0     0     0     0     0     0      205 
10-11               0   290     0     0     0     0     0     0     0     0     0     0     0     0     0      290 
11-12               0   375     0     0     0     0     0     0     0     0     0     0     0     0     0      375 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0  1133     0     0     0     0     0     0     0     0     0     0     0     0     0     1133 
======================================================================================================================== 
12-13               0   416     0     0     0     0     0     0     0     0     0     0     0     0     0      416 
13-14               0   336     0     0     0     0     0     0     0     0     0     0     0     0     0      336 
14-15               0   340     0     0     0     0     0     0     0     0     0     0     0     0     0      340 
15-16               0   529     0     0     0     0     0     0     0     0     0     0     0     0     0      529 
16-17               0   525     0     0     0     0     0     0     0     0     0     0     0     0     0      525 
17-18               0   353     0     0     0     0     0     0     0     0     0     0     0     0     0      353 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0  2499     0     0     0     0     0     0     0     0     0     0     0     0     0     2499 
======================================================================================================================== 
18-19               0     2     0     0     0     0     0     0     0     0     0     0     0     0     0        2 
19-20               0     6     0     0     0     0     0     0     0     0     0     0     0     0     0        6 
20-21               0     8     0     0     0     0     0     0     0     0     0     0     0     0     0        8 
21-22               0     0     0     0     0     0     0     0     0     0     0     0     0     0     0        0 
22-23               0     0     0     0     0     0     0     0     0     0     0     0     0     0     0        0 
23-24               0    21     0     0     0     0     0     0     0     0     0     0     0     0     1       22 
------------------------------------------------------------------------------------------------------------------------ 
QTR TOTALS          0    37     0     0     0     0     0     0     0     0     0     0     0     0     1       38 
======================================================================================================================== 
 
DAILY SUMMARY                                        VEHICLE COUNTS 
------------------------------------------------------------------------------------------------------------------------ 
                    1     2     3     4     5     6     7     8     9    10    11    12    13    14    15     TOTALS 
 
TOTAL               0  4078     0     0     0     0     0     0     0     0     0     0     0     0     1       4079 
PERCENT           0.0 100.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0      100.0 
 
======================================================================================================================== 
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2.2.2 ATR Location  
The ATR location consists of induction loops embedded in the pavement for each 
traffic lane, a cabinet mounted on concrete off the road with the recording unit, modem, 
battery, and solar panel. A phone line is run into the cabinet. The Traffic Monitoring 
Guide states that locations of ATR sites that were initially selected may no longer be true 
or applicable; but the fact that a long history of data exists at these locations provides a 
reason for the continuing efforts to collect data at those locations. Recommended steps 
for selecting continuous count locations are the following: determine what continuous 
data collection is still needed for specific projects by determining the available funding, 
prioritize the “specific” project locations, and place counters at the “specific” project 
locations for which funding exists (FHWA, 2001). 
2.3 Current Methods to Forecast Truck Traffic Volumes 
Most recent technical papers and government reports do not establish a unique 
conclusion about the best method to estimate traffic growths using AADTT. Growth 
factors can be best estimated at a specific location when a continuous ATR is available, 
assuming that the ATR data is reliable and that the differences found from year to year 
can be attributed to growth.  However, it is well known that volumes at a single location 
can be affected by different factors (new roads facilities, land developments), thus, 
growth factors computed from the limited number of ATRs operated by a State highway 
agency can be easily biased. In addition, whether the same count locations are used 
continually over time to compute growth, errors at any one given location due to the 
inaccuracy of the AADT estimate are self-correcting (FHWA, 2001). The point of the 
above discussion is to emphasize that there is not a best procedure that is applicable in all 
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cases due to the bias in data available; therefore, an alternative is to use all the tools 
available to examine the growth issue from several perspectives. 
2.3.1 Time Series 
 
Time series forecasting methods assume that past trends will continue into the 
foreseeable future. With this assumption, the past data can be used to forecast AADTT 
volumes to a specified year in the future. The Guidebook on Statewide Travel 
Forecasting by the Federal Highway Administration, 1999, states that time series models 
must be used with care because these methods use past data and cannot anticipate an 
unpredictable or random event that could affect the traffic volumes. Some research used 
time series to predict vehicle traffic volume and also to establish traffic patterns. Some 
independent variables are used in the models such as economic variables or time period. 
Traffic patterns can be established by the time series method; for example, between 
population and vehicle traffic such as: “higher traffic growth in high-growth counties,” or 
“traffic volumes increase but population decrease over the same period of time,” in this 
case, it is difficult to forecast because this trend is atypical (Dixon, 2004). Similar 
patterns for freight traffic were established: as the economy grows, the road freight task 
grows even quicker (Gargett and Cosgrove, 2003).  
Conducting separate studies from interstate and non-interstate are the best suited 
to forecast vehicle traffic because of the different demographic characteristic between 
them. Interstate highways have less of a cause-effect relationship between demographic 
variables than non-interstate. Therefore, truck traffic could be projected using growth 
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rates determined from historical trends and assumed changes in the growth rate over time 
based on expectations that interstate travel will continue to increase at a higher rate than 
non-interstates. (Barrett et al, 2001). A recent research project by Rebovich (2004) 
establishes the time series analysis as best suited for short-term forecasts when there are 
limited time and resources available to build and calibrate a behavior model. The 
simplicity of this method produces rapid forecasts for individual facilities based on 
historic trends, typically requiring less and offering more simplistic approaches than other 
forecasting approaches. Rebovich (2004) suggests that trend analysis methods display 
great potential for model development in West Virginia because this model is flexible. 
According to The Guidebook on Statewide Travel Forecast, time series methods are 
divided into two techniques:  growth factors and linear regression analysis. 
2.3.1.1 Growth Factors  
Currently, some states calculate the annual growth rate as a factor which 
represents the average percent increase in AADTT volume per year; these factors are 
calculated using the following equation: 
 
     (Equation 2.1) 
 
 
(Dixon, 2004) 
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Where: 
g: annual growth rate 
n: number of years between the most recent (AADT) and the past (AADTn) 
volumes 
AADTt: AADT volume recorded during the most recent year t; 
 AADTt-n: AADT volume recorded n years prior to the year t 
The above equation is somewhat similar to those used to calculate compound 
interest. A positive growth factor means that truck traffic will increase over time.  The 
disadvantage of this method is that it generates forecasting errors if the annual growth 
rates have not been updated regularly (Dixon, 2004). Also, the input in this method is 
based on information from two years, instead of using the whole information available, 
which might create some inaccuracy in the forecast process. The advantage of this 
method, and the reason why it is widely used for many states to forecast AADT volumes, 
is that the technique is relatively simple. This method assumes that the past trends in 
percent increase in traffic volume each year will continue into the future.  
2.3.1.2 Regression Analysis 
Linear regression can extrapolate trends in annual average daily truck traffic into 
the future. It uses past trends in data, but it can also incorporate the relationship between 
economic and demographic variables and the traffic growth pattern. A general example 
of a linear regression equation is: 
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(Equation 2.2) 
 
 
Where: 
Y: Criterion variable, variable we want to predict.  
a1 a2,…an: Regression coefficients (slope) 
a0: Regression constant (intercept) 
X: predictor variable 
These equations are used to forecast the AADTT values, and the accuracy of the 
projections is influenced by several factors. One of these factors is the time period of the 
forecast. As the amount of time between the base year and projection year increases, the 
accuracy of the forecast decreases. Usually, variables are chosen on the basis of causal 
relationship to the traffic volume and high R-square values.  There is not a single method 
for determining whether an independent variable should be included in the equation. 
Usually, variables are chosen on the basis of causal relationship to the traffic volume and 
high R-square values. Variables should be chosen according to how much they explain 
the dependent variable (AADTT); in other words, they should be chosen for their unique 
contribution to the model. Often, when there are many variables to be included in a 
model, the use of a step-wise procedure to chose variables is conducted or statistical 
software are left to select the set that best explains the dependent variable, as measured 
by R-square. For instance, the research by Zhao and Chung, (2001), used multiple 
regression analysis with up to six independent variables in their models such as number 
of lanes, functional classification, and population. The inclusion of these variables in the 
four models performed found a good relationship between the dependent and independent 
nn xaxaxaaY ...... 22110 +++=
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variables with coefficients of regression (R²) between 0.66 and 0.83. Furthermore, 
variables should be selected based on their ability to be obtained in order to be used in 
future forecasting and for their cost to be obtained. Variables might be changing over the 
time generating inaccuracy in predictions. For example, a model with two independent 
variables, population and employment, might predict the amount of traffic on an 
interstate highway; however, changes in any of these variables due to recession in the 
state may generate that the model lose its ability to predict traffic volume.    
2.3.1.3 Clustering 
Frequently, the first step in developing regression analysis in traffic volume 
prediction is sorting the data into groups with similar characteristics. The stations that are 
most similar are grouped together. Several methods of clustering transportation data 
exist. The Federal Highway Administration has set up functional classes for different 
types of roadways, which are documented in the Highway Performance Monitoring 
System Field Book. In addition, Garger and Bayat-Mokhtari, (1986), recommend divide 
highways in different groups, which are outlined below: 
• Dividing roadways into sections that have a homogeneous traffic volume, 
• Grouping the data by similar characteristics. 
• FHWA functional class, 
• Primary functional use such as recreational, local travel, or commercial, 
• Land use of the county in which the roadway section lies, 
• Population of the county in which the roadway section lies, and 
• Type of terrain. 
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After executing the cluster procedure, a regression analysis may be performed 
with these groups of data. An important feature of clustering the data is the decrease in  
the coefficient of variation. FHWA recommends, in the Traffic Monitoring Guide, that 
the absolute precision of estimates be within 10 percent. Equation 2.3 shows the 
relationship between the coefficient of variation and the absolute precision. Because of 
the small number of sites available in this research, the difference between the coefficient 
of variation and the absolute precision were slight; therefore, only the coefficient of 
variation is present in all of our results in chapter four. 
 
(Equation 2.3) 
 
Where: 
D = precision interval as a proportion or percentage of the mean 
C = coefficient of variation of the factors. 
n = number of locations  
T = value of Student's T distribution with 1-d/2 level of confidence and n-1  
      degrees of freedom 
d = significance level 
The recommended coefficient of variation depends on the number of locations. 
Note that a percentage is equal to a proportion times 100, i.e., 10 percent is equivalent to 
a proportion of 1/10. The basic assumption made in the procedure is that the existing 
locations are equivalent to a simple random sample selection.  Very tight precision 
requires large sample sizes, which means expensive programs due to the traffic data 
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required. Very loose precision reduces the usefulness of the data for decision-making 
purposes.  Traditionally, traffic estimates of this nature have been thought of as having a 
precision of ± 10 percent.  A precision of 10 percent can be established with a high 
confidence level or a low confidence level (FHWA, 2001).  The higher the confidence 
level desired, the larger the sample size required.  Furthermore, the precision requirement 
could be applied individually to each group in the clustering process. The Traffic 
Monitoring Guide refers: 
“The reliability levels recommended are 10 percent precision with 95 percent 
confidence, 95-10, for each individual seasonal group, excluding recreational groups 
where no precision requirement is specified”. 
2.4 Computing Annual Average Daily Truck Traffic (AADTT) 
The Traffic Monitoring Guide, 2001 provides two procedures to estimate AADTT 
for continuous count locations.  These two procedures are: 
• A simple average of all days 
• An average of averages (the AASHTO method). 
In the first of these techniques, annual average daily traffic (AADT) is computed 
as the simple average of all 365 days in a given year.  When days of data are missing, the 
denominator is simply reduced by the number of missing days. This approach has the 
advantage of being simple and easy to program.  The AASHTO procedure is based on 
three steps: first, average monthly days of the week are computed; second, all the 84 
values (12 months by 7 days) are averaged to obtain the seven average annual days of the 
week; finally, these seven values are averaged to obtain the AADTT. This method 
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accounts for missing data because the procedure is weighting each day of the week the 
same, and each month the same, regardless of how many days are actually present within 
that category.  
The resulting two versions of AADTT are very close to each other.  The study by 
Wright, Hu, et al., (1997), indicates that the differences are so small as to be unimportant.  
The “simple average” method is certainly easier to compute.  However, where data is 
likely to be missing, the AASHTO method will provide a more reliable and accurate 
value. For our purpose on this research, the first method was used due to its simplicity 
and for the very slight difference between both methods. 
2.5 Related Studies 
 
Many state programs have been using automatic traffic recorder stations (ATR), 
recording data for more than 20 years. Different methods are established in every state. 
Some use statewide data being more statistically significant than county-level to estimate 
AADTT. Statistical analysis is commonly conducted as well as analysis of the 
relationship between AADTT (on rural and urban interstate highways) and time period. 
Recently, transportation centers and departments of transportation have taken interest in 
improving methods to predict truck traffic.  
? In  the research by Zhao and Chung entitled “The Estimation of Annual Average 
Daily Traffic in a Florida County Using GIS and Regression”, 2001, four multiple 
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regression models for estimating AADT on non-expressway roads have been 
developed, and up to six predictors have been used in the final models. 
1. Functional classification 
2. Number of lanes 
3. Direct access from a count station to expressway access points 
4. Accessibility to regional employment in Broward County 
5. Employment in a variable-sized buffer around a count station 
6. Population in a variable-sized buffer around a count station 
The four models had a strong relationship between AADT and the independent 
variables; variables were selected using the stepwise procedure. The models were 
checked for multi-collinearity, and outliers were diagnosed. The models were able to 
 explain 66% to 83% of the total variability depending on the variables used (R² 
between 0.66 and 0.83).  
Findings: 
• Generally, the more variables used, the better a model’s performance. 
• The model data are typically available and relatively easy to process.  
• Functional class and number of lanes prove to be the most significant 
predictors.  
• Model testing has already shown that functional classes are not 
consistently correlated with AADT. However, the model that does not use 
any information related to functional classes has the worst performance. 
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• Land use variables that are determined based on functional classes 
significantly improve the models although they are not as strong predictors 
as functional class. 
? The research by Hallmark and Lamptey entitled Shauna “Evaluation of Different 
Methods to Calculate Heavy-Truck VMT”, 2004, evaluates and compares methods to 
calculate heavy-truck AADT and, subsequently, VMT. The data was provided for the 
Iowa DOT to estimate AADT for two different truck groups (single-unit and multi-
unit). Data were collected for all the thirteen classes of the FHWA vehicle 
classification scheme. Three methods were conducted; the first method developed 
monthly and daily expansion factors for each truck group. Truck AADT was 
calculated by applying truck expansion factors to short-term counts. In the second 
method, general expansion factors for all vehicles were performed using continuous 
counts stations, and truck percentages were based on the annual percentage of trucks 
for each group from continuous count stations. Similar to the third method, the 
second method employs daily truck percentages from the short-term counts. The 
presence of missing data due to equipment and communication problems and power 
failures might produce bias during the data analysis procedure. To overcome missing 
data, the Iowa DOT employs historical methods. They analyze data from previous 
years for the same period in which data are missing in the current year to help make 
projections to fill in the missing data. For instance, if data collected at an ATR station 
on a Monday in October 2002 are missing from 1 pm to 3 pm, data for the same 
period in previous years, such as 1999, 2000, and 2001, are used to extrapolate the 
missing hours. In a case where an ATR station is missing data over a long period of 
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time, the entire data from that station are excluded from the factor computation. The 
study concludes that significant variation exists in the temporal and seasonal patterns 
of heavy trucks as compared to passenger vehicles. This suggests that the use of 
aggregate expansion factors fails to adequately describe truck travel patterns. 
? The research by Gargett and Cosgrove entitled “Predicting Traffic Growth in 
Australian cities”, 2004, reports a relationship with the economic activity to estimate 
truck traffic. The truck traffic growth framework that explains truck traffic (truck 
kilometers traveled or vkt) is the following:  
       (Equation 2.4)  
 
Road freight task is defined as a measured in total tonne-kilometres, which 
is the product of average load and total kilometers for each vehicle type. To 
further understand the relationship, it is better to think of truck traffic as the 
product of numbers of vehicles multiplied by the yearly average km they each 
perform. The influences of the technological shift and the economy affect this 
relationship and can be illustrated as below: 
 
 
Road Freight TaskTruck Traffic (vkt) =  
Average Load per Truck
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These influences of the truck traffic flow on the economy can be outlined 
as below: 
• As the economy grows, the road freight task grows even quicker. 
• The shift to larger vehicles makes possible larger loads and therefore less 
traffic, but at the same time makes possible lower real freight rates which 
causes additional demand for freight transport. 
• In general, technological change has a similar “double-edged” effect on 
truck traffic. 
? The research by Barrett, Graves, Allen and Pigman entitled “Analysis of Traffic 
Growth Rates”, 2001, presents methods applied to estimate traffic growth. 
Logarithmic and regression equations were developed to explain the relationship 
between two collectors and local roads, and an analysis of linear regression was used 
to represent changes in ADT and to develop growth rates by functional class. In 
addition, it shows the analysis of a general traffic growth rate as an averaged growth 
rate. Given the important influence of interstate highway travel in many counties, the 
research divided roadway into two categories for forecasting purpose—interstates and 
non-interstates. Also it establishes that, for interstate highways, the relationship 
between county; level demographic variables and traffic are much less cause-and-
effect in nature than non-interstate travel. Therefore, traffic is projected using growth 
rates determined from historical trends and assumed changes in the growth rate over 
time. These changes are based on the expectation that interstate travel will continue to 
increase at a higher rate than non-interstate. The regression model used time period as 
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an independent variable and 18-year traffic data were used to predict statewide VMT. 
Some findings are the following:  
• Interstates VMT annual growth rate of 4%  
• Interstates VMT has increased at a higher annual rate, by 1% or more than 
non-interstates VMT. 
 
2.6 Concluding Remarks 
 
In summary, current research and state guidelines emphasize the need to forecast 
truck traffic separated from the usual vehicle traffic. A good recommendation is grouping 
sites by similar characteristics such as functional class, rural/urban characteristics, axles, 
and single-unit/multi-unit truck vehicles. Also, separate forecasts should be performed for 
interstates and state highways due to the differences in demographic characteristics. A 
good procedure after the data is collected for the 13 FHWA vehicle classifications is 
dividing it into two categories: single-unit vehicles (4 - 7 classes) and multi-unit vehicles 
(8-13 classes). Finally, for interstate highways, the demographic characteristics are less 
influential than non-interstate highways. Therefore, forecasting truck traffic at interstate 
highways using time period as a unique independent variable makes the forecast process 
much more flexible and less expensive to be used in the future. 
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CHAPTER 3 
DATA SELECTION AND METHODOLOGY  
3.1 Type of Data 
For the purpose of this project, nine years of data from 1995 to 2003 were used. 
The West Virginia Department of Transportation collected traffic volume and vehicle 
classification data continuously at 52 statewide permanent counter locations with sixteen 
of these counters located at Interstate Highways. Locations and characteristics of these 
sites are shown in Table 3.1. These stations are Permanent Automated Traffic Recorders 
devices (PATR), which are embedded in the roadway, counting and recording traffic that 
passes over these devices continuously throughout the year. They can record information 
such as vehicle type, weight, speed, and number of vehicles. The type of a permanent 
counter used in West Virginia, and typically in the United States, is an arrangement of 
inductive loops installed in the pavement. However, not all the sites were used in the 
course of this project, only sites where data was available for more than one week were 
selected. During the process to select the final data, eight sites were obtained and are 
shown in Table 3.2. These eight sites were the final data, and the completed project is 
based on these selected sites.  
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Table 3.1 – List of Interstates Permanent Traffic Recorders in West Virginia 
    
Site Number Location Description Functional Class 
Number of 
Lanes 
1 I-64 1.2 miles west of WV 20 1 4 
2 I-64 1.5 miles west of CO 60/89 11 4 
3 I-77 2.2 miles north of CO 15 1 4 
401 I-77 NB 1.2 miles south of WV 14 1 3 
402 I-77 SB 1.2 miles south of WV 14 1 3 
5 I-79 0.8 miles north of US 19 1 4 
6 I-79 0.2 miles south of WV 131 1 4 
26 I-64 1.5 miles east of US 52 11 4 
27 I-64 2.2 miles west of WV 622 11 4 
29 I-70 4.0 miles west of CO 41 11 4 
30 I-77 2.2 miles south of WV 3 11 4 
39 I-64 2.5 miles west of WV34 1 4 
42 I-64 1.7 miles south of WV 114 11 4 
47 I-77 1.0 miles south of WV 112 1 4 
50 I-81 1.6 miles south of WV 44 1 4 
53 I-68 1.0 miles west of WV 26 1 4 
 
Table 3.2 – List of Sites used for this Project 
 
Site 
Number Location Description 
Functional 
Class 
Number of 
Lanes 
1 I-64 1.2 miles west of WV 20 1 4 
5 I-79 0.8 miles north of US 19 1 4 
26 I-64 1.5 miles east of US 52 11 4 
29 I-70 4.0 miles west of CO 41 11 4 
42 I-64 1.7 miles south of WV 114 11 4 
47 I-77 1.0 miles south of WV 112 1 4 
50 I-81 1.6 miles south of WV 44 1 4 
53 I-68 1.0 miles west of WV 26 1 4 
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Figure 3.1- West Virginia National Highway System  
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3.2 Data Acquisition 
The first step in this project was to acquire the data and to perform usable 
spreadsheets to facilitate the data provided by the West Virginia Department of 
Transportation. Data provided could only be read by a DOS program called “Reporter” 
which also was provided. The default extension of the raw data is the year in which they 
were recorded (e.g. *.95, *.96, *.97, etc.). This is how Permanent Automatic Traffic 
Recorders save the information throughout the years. The Reporter program allows saved 
data to be recorded as a document extension (*.doc) or CSV. Opening every site for 
every year, the data can be converted to a document extension (.doc). After the files are 
completely saved in *.doc extension, they may be opened using any word editor such as 
notebook, WordPad or MS Word. As the data is delimited by spaces (*.doc extension), it 
also can be opened using MS Excel completely in some cases, while in others the 
restriction of the maximum number of rows in an MS Excel file is present (MS Excel 
only supports 65,536 rows in one workbook). Therefore, in cases where the number of 
rows exceeds this limit, the procedure is divided into two parts in order to open it using 
MS Excel without losing data.  
Some of the data in the files generated by the counters is not useful for this study, 
such as travel speed, weight, and garbage data or data without a meaning. Therefore, all 
this information was not considered in the spreadsheets. The most common method to 
separate unusable data from a workbook is using an MS Excel macro. A macro is a small 
program created in MS Excel, which has the purpose of separating information. 
Information related to vehicle counts, for every hour during a day for the 365 days during 
the year, and vehicle classification between 4 and 13 (truck classes) was required in this 
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study. Stations report vehicle classification and counts for both directions of travel 
throughout the year, functional classes considered were in accordance with the Traffic 
Monitoring Guide (FHWA, 2001). FHWA classifies vehicles into 13 categories based on 
their number of axles, length, weight etc. Table 3.3 shows the FHWA vehicle 
classification scheme. Finally, after the data was placed in one excel workbook, it was 
divided in five different workbooks in the same spreadsheet: by lane, by direction, by 
hour, by day, by month. The workbook “by day” was used to estimate the Annual 
Average Daily truck Traffic (AADTT) for each site and year. 
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Table 3.3- FHWA Vehicle Classification Scheme 
 
 
Unclassified vehicles which do not fit into any other classification. 
Class 0 Vehicles which do not activate the system sensors are also unclassified. 
Class 1 
Motorcycles. All two- or three wheeled motorized vehicles. This category 
includes motorcycles, motor scooters, mopeds, and all three-wheel 
motorcycles. 
Class 2 
Passenger Cars. All sedans, coupes, and station wagons manufactured 
primarily for purpose of carrying passengers. 
Class 3 
Other two-axle, four-tire single units. Included in this classification are 
pickups, vans, campers, and ambulances. 
Class 4 
Buses. All vehicles manufactured as traditional passenger-carrying buses 
with two axles and six tires or three or more axles. 
Class 5 
Two-Axle, Single Unit Trucks. All vehicles on a single frame including 
trucks, camping and recreation vehicles. 
Class 6 
Three Axle Single Unit Trucks. All vehicles on a single frame including 
trucks, camping and recreational vehicles. 
Class 7 
Four or more Axle Single Unit Trucks. All vehicles on a single frame with 
four or more axles. 
Class 8 
Four or Less Axle Single Trailer Trucks. All vehicles with four or less 
axles consisting of two units, one of which is tractor or straight truck 
power unit. 
Class 9 
Five-Axle Single Trailer Trucks. All five-axle vehicles consisting of two 
units, one of which is a tractor or straight truck power unit. 
Class 10 
Six or More Axle Single Trailer Trucks, consisting of two units, one of 
which is a tractor or straight truck power unit. 
Class 11 
Five or Less Axle Multi-Trailer Trucks, consisting of three or more units, 
one of which is a tractor or straight truck power unit. 
Class 12 
Six Axle Multi-Trailer Trucks. All six-axle vehicles consisting of three or 
more units, one of which is a tractor or straight truck power unit 
Class 13 
Seven or More Axle Multi-Trailer Trucks. All vehicles with seven or more 
axles consisting of three or more units, one of which is a tractor or straight 
truck power unit 
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Figure 3.2- FHWA Vehicle Classification Scheme
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3.2.1 Data Quality Checks 
Previously, to obtain the final data, the data was tested for outliers, discrepancies, 
and for inconsistent values. Data was tested following the methodology described below: 
• Simple observation was used to look for errors and outliers. Data distant 
as defined below from the usual truck traffic volumes was erased. During 
the data acquisition procedure, sites were found with the presence of: no 
data at all, missing data, or unreasonably large or small numbers not 
according to the normal truck traffic volume in a site or highway analyzed. 
These values were considered errors and removed from the final data. 
• Data between the mean plus or minus two times the standard deviations (u 
± 2σ) was kept, and data out of this range was considered to be outliers 
and was erased. 
3.3 Estimation of Annual Average Daily Truck Traffic (AADTT) 
After the removal of discernible errors and discrepancies in the data, AADTTs 
were computed for each site and year. According to the FHWA, Traffic Monitoring 
Guide, 2001, there are two methods to estimate AADTT. The method selected in this 
study was the first one explained in the Literature Review, a simple average of all days.  
A simple average was made in this method for all 365 days in the year. In cases of 
missing data, the denominator was adjusted accordingly by subtracting the number of 
missing days from 365. This method was selected because of its simplicity and also due 
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to the small and insignificant differences in results between the two methods. (Wright, 
Hu, et al). In this analysis the workbook “by day” was analyzed using the total number of 
vehicles between classifications 4 and 13. Results of AADTT estimation are shown in the 
Table 3.4.   
Table 3.4- Annual Average Daily Truck Traffic- Interstate Highways 
 
Route Class Site 1995 1996 1997 1998 1999 2000 2001 2002 2003 
I-64 Rural SITE 01   1813 1782 1730   1299       
I-79 Rural SITE 05 2325     3136       3145 3089 
I-64 Urban SITE 26 3310 3880     4928 5090 4764   4912 
I-70 Urban SITE 29   7101 7005 7733 8384 6852 8503 8424 8562 
I-64 Urban SITE 42   3740 4005 3358       6797 7150 
I-77 Rural SITE 47   2262     2462 2928   2142 2936 
I-81 Rural SITE 50     5013 5440 7670       11805 
I-68 Rural SITE 53 1736   1046 863         2576 
AADTT in Table 3.4 were used to developed models as is explain afterwards.  
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3.4 Model Development Overview  
 
The following is a summary of the different approaches used to develop models 
based on Annual Average Daily Truck Traffic. As explained in the Literature Review, 
because of the type of data available and the flexibility of this method, the most reliable 
method with great potential to be used in West Virginia is the Time Series Method 
(Rebovich, 2004).  
The first approach was regression analysis, as described in the Literature Review. 
Because of the small cause-effect of demographic variables in the relationship with 
vehicle traffic on Interstate Highways, those variables were discarded in the course of this 
project. Therefore, time period was selected as a unique independent variable to be in all 
models performed. The advantage of regression analysis is the use of all the data 
available and the simplicity of this method to produce rapid forecasting for individual 
facilities based on historic trends, requiring less data and offering more simplistic 
approaches than other forecasting approaches. The disadvantage of this method is that 
independent variables might change over the time (new or changes in land developments 
in the area of study), decreasing the predicting ability of the model. During the course of 
this project, exponential and linear regression analyses were performed using the time 
period as the independent variable. Since the coefficient of regression (R²) was lower in 
the exponential regression analysis than in the linear analysis, exponential analysis was 
discarded from the research, and only linear regression analysis was reported in this 
study. Therefore, a linear form was established to all the models using time period as a 
unique independent variable. Linear regression analysis was performed to estimate a 
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model for statewide interstate highways, models for rural and urban areas, and for each 
truck classification. In addition, grouping truck classes according to their number of axles 
(single and multi-unit vehicles), and the inclusion of a weighted analysis, weighted 
according to the number of trucks passing in each group (all, rural, urban) per day, was 
performed to improve the prediction of the models. Precision analysis was performed to 
test the sample size in the models and their predicting ability.  
The second approach was conducted using the growth factor technique, 
representing as a percentage the increase of AADTT per year. The advantage of this 
method is its simplicity, assuming past trends in percent increase in traffic volume each 
year will continue into the future. The disadvantage is that no more than two years of 
AADTT can be used as an input data instead of used the whole data available over the 
years. Similar to linear regression analysis, analysis by grouping truck classes and 
weighted annual average truck traffic growth rates was performed. Finally, a contrast 
between the two techniques was conducted in order to confirm what the stronger 
predictor is. 
3.4.1. Linear Regression Model 
Linear Regression analysis models have the form of a straight line, y = βx + c, 
where “y” is the resulting of Annual Average Daily Truck Traffic (AADTT), “x” is the 
year of prediction, called predictor variable, and “β” and “c” are regression coefficients. 
The slope term of the linear regression “β” may be utilized to calculate a growth rate for 
the grouping of stations. The slope represents the average change in AADTT between 
each year throughout the history of the station. This slope may be utilized in conjunction 
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with a single year, AADTT, to determine an individual growth rate. Growth was defined 
as the slope of the regression line divided by the predicted AADTT, 2003 year, which is 
the last year available, multiplied by 100 in this project. The resulting growth rates were 
expressed as a percentage for the purpose of this project. 
(Equation 3.1) 
 
Using Table 3.4, regression analysis was performed to develop a model for every 
site; therefore, the missing values of AADTT were estimated and are shown in the next 
chapter in Table 4.2. The next step is to estimate overall growth rates for all interstate 
highways, which include rural and urban roads. Also, separate studies were conducted for 
rural and urban settings. 
3.4.1.1. Statewide Interstate Highways Growth Rate 
Statewide Interstate Highway Growth Rate is defined as the average growth rate 
for all Interstate Highways in West Virginia. It was obtained from regression analysis of 
all sites in a sole group, plotting the whole information (AADTT vs. Years) in a graph, 
and then conducting a linear regression analysis based on the average of AADTT for each 
year. Furthermore, to estimate their growth rate, sites were separated into two groups: 
rural and urban interstates. 
 
%100
)2003(
×=
yearEstimate
SlopeRateGrowth
43  
3.4.1.2. Regression Analysis for Each Truck Classification 
Regression analysis was performed for every single truck classification according 
to the Federal Highway Administration vehicle classification scheme. Vehicle 
classifications between 4 and 13 were considered trucks. Thus, the models for each truck 
classification were obtained as well as their growth rates. 
3.4.1.3. Annual Average Growth Rate Weighted 
Using linear regression analysis, the truck traffic growths rates were determined 
(in percentage) for all interstates sites, distinguishing between rural and urban. These 
values were used to estimate the annual average growth rate weighted by multiplying the 
growth rates by their weight; weight was calculated according to the number of trucks 
passing in each group (all, rural, urban) per day based on data in Table 4.2. The weight 
for each site is the sum of AADTT for one site in the course of the years (sum of AADTT 
for 1995, 1996,…2003 for one site) divided by the total sum of AADTT from the all sites 
in the study. The weight was calculated for the eight sites in the study (Site01, Site05, 
.…., Site53) as well as for each group of sites formed (e.g. urban, rural). Therefore, in the 
case of using all sites, eight values of AADTT(i) were obtained as well as the sum of 
these values AADTT(T) = AADTT01+AADTT05+....AADTT53. Therefore, the weight 
factor for each site is AADTT(i)/AADTT(T), and the weighted growth rate average is the 
sum product between the growth rate and the weight factor for each site:  
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(Equation 3.2) 
          
? Observe that ∑AADTT(i)/AADTT(T) for all the sites in a group of the study 
(e.g.  all, rural, urban) is equal to one. 
In the case of the growth rate of each truck classification, weight factors were 
calculated according to the following explanation: Considering one truck classification 
(e.g. TC4), and the eight sites in study, the weight was calculated taking the average of 
AADTT during the years of study (1995, 1996, …2003) in each site. In the analysis of all 
sites, eight values of AADTT(TC4)(i) were obtained as well as their sum:  
AADTT(TC4)(T) = AADTT(TC4)(01)+AADTT(TC4)(05)+….+AADTT(TC4)(53).  
Therefore, the weight factor for one site “i” at a specific truck classification is 
AADTT(TC4)(i)/AADTT(TC4)(T). The weighted growth rate averaged for this truck 
classification is the sum product between the growth rate for this truck class at one site 
and its weight factor. 
 
It is important to note that the average of AADTT was taken for each truck 
classification during the years instead of the sum of the AADTT. The weight was 
calculated in this manner because of missing data in some years at various sites, which 
∑ ×= )(AADTT(i)Rate(%)(i)Growth   Average RateGrowth  Weighted TAADTT
∑ ×= ))(( )(i)AADTT()(i)Rate(%)(Growth   Average RateGrowth  Weighted 4TC4TC4 TTCAADTT
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make it impossible to have AADTT for the same years to calculate the sum of AADTT. 
For example, whether in a site (e.g. site 01), information is available in the years: 1995, 
1996, 2001, and 2003, and in other site (e.g. site05) only the years 1997, 1998, and 2003. 
The approach used, was taken the average of AADTT in Site01 and Site05 instead of 
taking the sum of AADTT during the years available. This analysis increases the 
precision of the weight analysis conducted in the study. 
3.4.1.4. Precision Analysis 
Based on the AADTT, the precision analysis was performed to every site in the 
course of the years instead of using growth rates calculated for each site and truck 
classification. Precision analysis was performed by determining the coefficient of 
variation from the AADTT in every site for each group in the analysis. The coefficient of 
variation is the result of dividing the standard deviation by the mean of the AADTT for 
the groups used in the analysis. A coefficient of variation around 10% was considered 
acceptable for the purpose of this project. In all of the calculations, special care was taken 
to check the coefficient of variation (CV), which measures the precision of the factors, 
telling how precisely the AADTT performed the data. The higher the precision, the lower 
the percentage; therefore, data collected consistently should hypothetically have a 
Coefficient of Variance equal to zero percent. A group of data could have a low 
coefficient of variation (say 10% or better) which is highly desirable; however, they still 
may not have accurate test results. This means that they repeatedly made the same 
mistake in collecting data.  For example, precision of 53.00% probably means that some 
of the data could be considered as outliers. Therefore, collecting plenty of data helps to 
eliminate outliers and still have enough data points to average.  
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3.4.1.5. Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
As shown during the project, groups with different characteristics were made, 
such as rural and urban interstates. However, to better improve the results, another 
grouping analysis was performed by grouping truck classes according to their number of 
axles. Vehicle classification between 4 and 7, which include buses, recreational vehicles, 
two-axle, three axle and four or more axle single-units trucks were combined. Another 
group, between classes 8 to 13, comprised of two unit truck vehicles, such as tractors 
with a power unit, or trailers with two or more units. 
3.4.1.6 Models’ Calibration and Validation  
 
According to the FHWA Guidebook on Statewide Travel Forecasting, the 
adjustment or setting of parameters on forecasting models to assure that the models 
match existing travel behaviors is called “calibration”. In addition, it is important that a 
forecast model be compared with a known traffic count to assure in some percentage that 
future year forecasts are valid. The preferred calibration techniques use statistical 
methods, such as linear regression, analysis of variation, and maximum likelihood 
estimation. However, the most common calibration technique is “Ordinary Least 
Squares” (Linear Regression), being the primary method for calibrating statewide travel 
demand models (FHWA, 1999). This method works by finding the “best curve” through 
the data that minimizes the sums of squares of the residuals. The following equation is an 
example of a linear equation model that estimates AADTT. 
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0 1 1 2 2. . ...... .n nAADTT a a x a x a x= + + +
(Equation 3.3)      
 
 
 
In a linear equation model, the parameters are analyzed using standard regression 
techniques, to find the “best fit” straight line to a set of data that should follow a linear 
trend to describe AADTT as a function of the parameters. In this study, “time period” 
was used as unique independent variable in all models (e.g. X1 = the year to predict 
AADTT, X2, X3..Xn=0). Parameters a0 and a1 are developed in order to minimize the 
error sum of squares, which is the difference between the observed AADTT in a specific 
year and the AADTT predicted by the model at the same year. In other words, the “best” 
line is performed by minimizing vertical deviations between the points and the line. The 
procedure to estimate the parameters were made using MS Excel, which uses the least 
square procedure to estimate the parameters. Finally, in order to demonstrate that the 
relationship simulated has some degree of accuracy and consistency, the forecasted 
models should be evaluated for reasonableness. For instance, the most current AADTT 
could be compared to those generated by the model, and large differences in volume 
(higher than 10%) should be further evaluated in an effort to explain the disparity. If valid 
explanations for the differences cannot be determined, then either the model or the trend 
volumes may not be appropriate for use. The differences between real and predicted 
AADTT conducted to the last year of AADTT available is reported in Appendix C.  
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3.4.2 Growth Factor 
As described in the literature review, the following equation was used to estimate 
growth rates using the beginning and ending year. These years were taken as historical 
data, using the first year available and the last one available and also using the most 
recent years available to calculate current growth rate.  
(Equation 3.4) 
 
Therefore, two types of compound growth rates were estimated, historical and 
current growth rates. The first one was conducted by using the last and first year of 
AADTT available, and the equation above. The other is the current growth rate which is 
calculated using the last two years available. This growth factor analysis was conducted 
using Table 3.4; also this analysis was conducted for each truck classification. Tables and 
results are shown in the next chapter.  
Because of missing data, the methodology to estimate current growth rates was 
conducted by using the last two years available with one year gap between them as an 
optimum gap. For example, whether 2001 and 2003 were used, but data in 2001 was not 
available, data from the most recent year was utilized. 
3.4.2.1. Statewide Interstate Highways Growth Rate 
Similar to linear regression analysis a statewide interstate highway growth rate 
study was conducted. It was performed using only two years of the most recent years of 
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data and Equation 3.4. The growth rates in percentage for all, rural, and urban interstates 
was estimated. 
3.4.2.2 Growth Factor Method for Each Truck Classification 
By the same method used for regression analysis, growth rates were estimated for 
every single truck classification. 
3.4.2.3 Annual Average Growth Rate Weighted 
 
The weight for each site and truck classification was estimated differently for 
regression analysis. It was estimated by using the two years, which determined the 
growth rate. Therefore, the weight for each site is the sum of AADTT for one site in these 
two years (e.g. if 2001 and 2003 were used to estimate the growth rate, the sum of their 
AADTT was used for this site) divided by the total sum of AADTT used to calculate the 
growth rates in all the sites. The weight was calculated for the total sites in the study as 
well as for the group of sites (e.g. rural, urban sites).     
In the analysis of all sites, the sum of AADTT in each site in the course of the 
years was calculated. Therefore, eight values of AADTT(i) were obtained as well as the 
sum of these values: AADTT(T) = AADTT(01)+AADTT(05)+....AADTT(53). Thus, the 
weight factor for each site is AADTT(i)/AADTT(T), and the weighted growth rate 
average is the sum product between the growth rate and the weight factor for each site.  
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Observe that ∑AADTT(i)/AADTT(T) for the sites in the group of the study (e.g. all, 
 rural, urban) is equal to one. 
In the case of the growth rate of each truck classification, weight factors were 
calculated according to the following explanation: Considering one truck classification 
(e.g. TC4), and the eight sites, the weight was calculated summing the two AADTT used 
to estimate the growth rate in each site divided by the total sum of all AADTT used to 
estimate the growth rates in all sites for the same truck classification. In the analysis of all 
sites, eight values of AADTT(TC4)(i) were obtained as well as their sum:  
AADTT(TC4)(T) = AADTT(TC4)(01)+AADTT(TC4)(05)+….+AADTT(TC4)(53).  
Therefore, the weight factor for one site “i” at a specific truck classification is 
AADTT(TC4)(i)/AADTT(TC4)(T). The weighted growth rate averaged for this truck 
classification is the sum product between the growth rate for this truck class at one site 
and its weight factor. 
 
 
 
∑ ×= )(AADTT(i)Rate(%)(i)Growth   Average RateGrowth  Weighted TAADTT
∑ ×= ))(( )(i)AADTT()(i)Rate(%)(Growth   Average RateGrowth  Weighted 4TC4TC4 TTCAADTT
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3.4.2.4 Precision Analysis 
 This analysis is somewhat similar to the one performed in regression 
analysis. It was based on the AADTT, which determined the growth rate in each site or 
truck classification instead of using growth rates.  
3.4.2.5 Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
This analysis is similar to the one used for regression analysis. 
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CHAPTER 4 
RESULTS 
4.1 Linear Regression Analysis 
Linear regression analysis was conducted for each site to understand the 
relationship between AADTT and the independent variable-- time period. This 
relationship was measured by the coefficient of regression (R²). Coefficients of 
Regression greater than 0.60 were considered acceptable for the purpose of this project. 
Regression models for each site and their respective coefficients of regression are shown 
in Table 4.1. 
Table 4.1—Linear Regression Models and Coefficient of Regression for Each Site 
 
Route Class Site Number of  Lanes Model R² 
I-64 Rural SITE 01 4  Y = -132.X+265131 0.88 
I-79 Rural SITE 05 4  Y = 86.X-168131 0.63 
I-64 Urban SITE 26 4  Y = 204.X-403402 0.75 
I-70 Urban SITE 29 4  Y = 215.X-423024 0.51 
I-64 Urban SITE 42 4  Y = 551.X-102921 0.90 
I-77 Rural SITE 47 4  Y = 53.X-102921 0.15 
I-81 Rural SITE 50 4  Y = 1170.X-2331111 0.98 
I-68 Rural SITE 53 4  Y = 146.X-290031 0.41 
Table 4.1 shows coefficients of regression, these coefficients are greater than 0.6 
in five sites with lower values in Site 29, Site 47 and Site 53. These models were used to 
estimate the missing values in Table 3.4. In addition, these models were used to estimate 
AADTTs for the last year in the study (year 2003) in order to predict the growth rate for 
each site by dividing the slope of the regression model by the estimation of the year 2003. 
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Table 4.2 shows a complete table with the AADTTs predicted by the regression models, 
and Table 4.3 shows the growth rates for each site. 
Table 4.2—Missing AADTT values predicted 
 
Route Class Site 1995 1996 1997 1998 1999 2000 2001 2002 2003 
I-64 Rural SITE 01 2019 1813 1782 1730 1491 1299 1227 1095 964 
I-79 Rural SITE 05 2325 2624 2710 3136 2881 2967 3052 3145 3089 
I-64 Urban SITE 26 3310 3880 4073 4277 4928 5090 4764 5093 4912 
I-70 Urban SITE 29 6851 7101 7005 7733 8384 6852 8503 8424 8562 
I-64 Urban SITE 42 2694 3740 4005 3358 4900 5451 6002 6797 7150 
I-77 Rural SITE 47 2282 2262 2388 2441 2462 2928 2599 2142 2936 
I-81 Rural SITE 50 2511 3680 5013 5440 7670 8359 9529 10699 11805 
I-68 Rural SITE 53 1736 1227 1046 863 1665 1811 1957 2102 2576 
The values in the shaded boxes represent the AADTT estimated for the models 
 
Table 4.3—Average Annual Growth Rates for Each Site 
 
Route Class Site Number of  Lanes 
Estimation 
Year 2003 Slope 
Average 
Annual 
Growth Rate
I-64 Rural SITE 01 4 964 -132.00 -13.69% 
I-79 Rural SITE 05 4 3223 86.00 2.67% 
I-64 Urban SITE 26 4 5297 204.00 3.85% 
I-70 Urban SITE 29 4 8575 215.00 2.51% 
I-64 Urban SITE 42 4 7105 551.00 7.76% 
I-77 Rural SITE 47 4 2704 53.00 1.96% 
I-81 Rural SITE 50 4 11869 1170.00 9.86% 
I-68 Rural SITE 53 4 2248 146.00 6.49% 
Table 4.3 shows large differences in growth rates among sites, from a large 
negative value in Site01 to a positive large value in Site50. Because of the large 
dispersion in growth rates, sites were grouped by similar characteristics such as rural and 
urban sites in order to improve models based on their coefficient of regression and to 
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obtain growth rates to better understand travel patters in rural, urban areas as well as 
patterns in light and heavy truck traffic (single/multi-unit trucks). 
Linear regression models were conducted in order to predict truck traffic volume 
and growth rates. Models were based on two types of data, which are described below: 
• The first type of data used AADTTs (Annual Average Daily Truck 
Traffic) for each site and truck classification per site and year. Annual 
Average Growth Rate Weighted was calculated for: all, rural, urban and 
each truck classification as well as for the two truck groups, single and 
multi-unit trucks.  
• The second type of data was the year average of AADTT. Plotting these 
values in order to determine a unique linear regression model for all, 
rural, urban interstates; and for each truck classification as well. These 
models and the growth rates are shown in the course of this project. 
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4.1.1. Linear Regression Analysis using AADTT 
 
4.1.1.1 Analysis for Sites       
 
a) All Interstates 
Linear regression analysis was performed to estimate annual average growth rates 
(Table 4.4). Using AADTTs for each site (Table 4.2) to predict the Annual Average 
Growth Rate Weighted. The weight factor was estimated according to the total number of 
vehicles traveling during the nine years of the data collection. Therefore, each growth 
rate was multiplied by its weight factor and these values were added to obtain the 
weighted average. Results and the coefficient of variation are shown in Table 4.4. 
Table 4.4—Average Annual Growth Rate Weighted—All Interstates 
 
 
 
 
 
The coefficients of variation in Table 4.4 is a high number, it may be due to the 
negative value in Site01, which increase the dispersion among growth rates. For example 
Route Class Site Average annualgrowth rate Sum of trucks during years weight/site
I-64 Rural SITE 01 -13.70% 13420 0.045 
I-79 Rural SITE 05 2.65% 25929 0.088 
I-64 Urban SITE 26 3.85% 40327 0.137 
I-70 Urban SITE 29 2.51% 69415 0.235 
I-64 Urban SITE 42 7.76% 44097 0.149 
I-77 Rural SITE 47 1.95% 22440 0.076 
I-81 Rural SITE 50 9.86% 64706 0.219 
I-68 Rural SITE 53 6.49% 14983 0.051 
Class-weighted 
Average annual 
growth rate 
4.52% 
Mean 2.67% 
St. dev. 7.19% 
Coefficient of 
Variation 269.10% 
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whether the negative value is omitted in order to check the variability of the positive 
values, the coefficient of variation would be reduced to 60.82%, which is lower but still 
high; therefore, more sample data would be required to reduce this coefficient, and to 
better estimate the growth rates in this group. 
b) Rural Interstates 
The analysis for rural interstate highways is similar to that performed for all 
interstate highways. Here, five sites were incorporated in order to estimate the annual 
average growth rate weighted. These results are shown in Table 4.5. 
Table 4.5— Average Annual Growth Rate Weighted—Rural Interstates 
 
 
 
 
 
Similar to the all interstate analysis, the coefficient of variation resulted to be a 
high number due to the negative value in Site01; therefore, more sample data would be 
required to reduce this coefficient. 
 
Route Class Site Average annualgrowth rate Sum of trucks during years weight/site 
I-64 Rural SITE 01 -13.70% 13420 0.095 
I-79 Rural SITE 05 2.65% 25929 0.183 
I-77 Rural SITE 47 1.95% 22440 0.159 
I-81 Rural SITE 50 9.86% 64706 0.457 
I-68 Rural SITE 53 6.49% 14983 0.106 
Mean 1.45% 
St. dev. 9.05% 
Coefficient of 
variation 623.43%
Class-weighted 
Average annual 
growth rate  
4.69% 
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c) Urban Interstates 
A similar computation was conducted for urban interstate highways. The three 
sites for urban interstates were used to estimate the annual average growth rate weighted. 
The results are shown in Table 4.6. 
Table 4.6—Average Annual Growth Rate Weighted—Urban Interstates 
 
Route Class Site Average annualgrowth rate Sum of trucks during years  weight/site 
I-64 Urban SITE 26 3.85% 40327 0.262 
I-70 Urban SITE 29 2.51% 69415 0.451 
I-64 Urban SITE 42 7.76% 44097 0.287 
 
 
 
According to the results by sites, the most reliable growth rate is that of urban 
sites, with 57.91% coefficient of variation. This CV is lower than the rural and all sites 
analysis because Site01 is not included. The negative value in Site01 affects the 
coefficient of variation because it generates large gaps between the mean and growth 
rates. 
 
 
 
 
 
 
 
 
 
 
 
Mean 4.71% 
St. dev. 2.73% 
Coefficient of 
variation 57.91% 
Class-weighted 
Average annual 
growth rate  
4.37% 
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4.1.1.2 Analysis for Each Truck Classification 
 
a) All Interstates  
The results for each truck classification were somewhat similar to that for every 
site using their respective AADTT. Linear regression was conducted for every truck 
classification for each site during the nine years. Using these models, growth rates were 
estimated by the same procedure used for each site and truck classification: dividing the 
slope by the AADTT estimated for the year 2003, and obtaining the annual average 
growth rate weighted for each truck classification. The models for each truck 
classification and sites are shown in the Appendix A, and the growth rates are shown in 
Table 4.7.  
Table 4.7—Annual Average Growth Rate for Each Truck Classification—All 
Interstates 
   
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4 6.23% 6.21% 7.99% 5.51% 6.63% 10.40% 13.00% 10.58% 
TC5 -3.61% 2.48% 3.41% 1.96% 7.98% 10.78% 9.63% 8.86% 
TC6 -45.34% 2.63% 1.75% -0.10% 7.45% -12.12% 12.12% 5.78% 
TC7 -141.67% 1.70% 3.06% 1.53% -12.54% -3.70% 15.66% -38.72% 
TC8 -10.26% 3.96% 1.69% 1.38% 6.95% 1.75% 8.27% 9.31% 
TC9 -15.45% 2.75% 4.38% 3.66% 8.09% 0.80% 10.60% 6.46% 
TC10 -23.81% 6.81% -0.63% 9.95% 12.75% 10.58% 17.16% 6.85% 
TC11 -125.00% 5.06% 8.35% -4.42% 69.68% -10.96% 10.47% 30.72% 
TC12 32.14% -6.25% -4.52% 1.46% 29.22% -12.50% 11.90% -33.33% 
TC13 14.09% 10.12% 10.98% 12.83% 13.98% 12.81% 12.86% 12.16% 
 
Table 4.7 shows most of the negative values in Site 01. Large negative values are 
present beginning in Class 6, camping and recreational vehicles, through Class 11, five or 
less axle Multi-Trailer Trucks.  The reader should understand that growth rates were 
based on the slope of the regression model, and on the truck traffic volume estimated in 
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the last year of the study, 2003. Therefore, beginning in the year 2004, these growth rates 
are valid to predict truck traffic volume. In addition, negative growth rates larger than 
100% are present in some truck classes, such as in truck classes 7 and 11 in Site01. Since 
these models have a negative slope, and AADTT estimated for the year 2003 is lower 
than the absolute value of the slope, these growth rates are negative and greater than 
100%, which means that no trucks from truck classes 7 and 11 are present in the year 
2004 in Site01. Therefore, growth rates from these truck classes were discarded in the 
calculation of the annual average growth rate weighted.   
Site01 is located on Interstate highway I-64, 1.2 miles west of WV20; therefore, 
this site has affected for the truck traffic volume from Raleigh County. This county is a 
coal producing area that has been affected in recent years by decline in its mining 
activity. According to the West Virginia Geological and Economic Survey, the total coal 
production for Raleigh County dropped from 10,200,390 tons in 1995 to 8,868,391 tons 
in 2002. This production decline may be one possible reason for the decrease in the heavy 
truck traffic volume in this site. Another reason, although this was not confirmable, may 
be a different choice of routes by the truck drivers with the same origin and destination, 
conceivably a shortcut to reduce transportation costs.  In the absence of any additional 
traffic data, one could only assume that the costs incurred by the different route would be 
less than the previous route, Site01.  A future study forecasting traffic volume on state 
highways or other roads may reveal increased volume of certain truck classes, which 
would explain the corresponding decrease in volume on the interstate route in question. 
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Table 4.7 also reveals that Truck Class 13, Multi-Trailer Trucks, is the most stable 
truck class in all sites, having growth rates around 11%. 
Annual Average Growth Rate Weighted 
The weighted growth rate average was calculated by multiplying the weight factor 
for each site and truck classification by its respective growth rate (Table 4.7), and these 
values were added to obtain the weighted growth rate average (because the total sum of 
the weight factors is equal to one) The weight factors were calculated as explained in 
Chapter 3.  
Table 4.8—Average of AADTTs from 1995 to 2003 for Each Truck Classification 
and Site—All Interstates 
  
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4 37 30 38 76 62 58 66 16 
TC5 147 239 424 409 425 282 449 117 
TC6 66 103 234 190 171 57 184 48 
TC7 20 27 26 16 24 3 22 12 
TC8 84 162 256 276 333 132 340 69 
TC9 1248 2290 3327 6410 3693 1912 5929 1235 
TC10 14 30 92 103 97 23 67 19 
TC11 34 53 80 467 164 117 474 41 
TC12 4 8 8 69 19 14 65 3 
TC13 12 12 39 72 95 27 22 6 
Table 4.8 shows the average of AADTTs during the years of the study, from 1995 
to 2003, for every site and truck class. The following are some characteristics of truck 
traffic on interstate highways in West Virginia:  
? Most of the truck traffic volume occurs in Site29 (I-70) and Site50 (I-81) 
with 7397 and 6897 commercial vehicles traveling per day.  
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? Most of the truck traffic belongs to heavy truck vehicles (multi-unit 
trucks), falling into 80% of the total truck traffic. 
? The most prevailing truck vehicle on interstate highways in West Virginia 
belongs to class 9, which includes five-axle single trailer trucks with two 
units, one of which is a tractor or straight truck power unit.  
Moreover, based on the results shown in Table 4.8, weight factors were 
calculated. The weight factors and the annual growth rate weighted are shown in Table 
4.9 and Table 4.10, respectively. Regression models by site for each truck classification 
are reported in Appendix A.  
Table 4.9—Weight Table—All Interstates 
 
 
 
 
 
 
 
 
 
 
 
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4 0.097 0.078 0.099 0.198 0.162 0.151 0.172 0.042 
TC5 0.059 0.096 0.170 0.164 0.171 0.113 0.180 0.047 
TC6 0.063 0.098 0.222 0.180 0.162 0.054 0.175 0.046 
TC7 0.000 0.208 0.200 0.123 0.185 0.023 0.169 0.092 
TC8 0.051 0.098 0.155 0.167 0.202 0.080 0.206 0.042 
TC9 0.048 0.088 0.128 0.246 0.142 0.073 0.228 0.047 
TC10 0.031 0.067 0.207 0.231 0.218 0.052 0.151 0.043 
TC11 0.000 0.038 0.057 0.335 0.117 0.084 0.340 0.029 
TC12 0.021 0.042 0.042 0.363 0.100 0.074 0.342 0.016 
TC13 0.042 0.042 0.137 0.253 0.333 0.095 0.077 0.021 
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Table 4.10—Annual Average Growth Rate Weighted—All Interstates 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.10 shows annual average growth rates weighted. They represent the 
percent increase or decrease of truck traffic volume each year for each truck 
classification. Truck vehicles with one frame, three or four axles and eight or ten tires 
belong to truck class six and seven, respectively, which are the primary vehicle types 
used for coal mining material transport. As previously mentioned, the decline of the coal 
mining activity in West Virginia has possibly affected the traffic volume in certain areas 
for these truck classes. 
Precision Analysis 
Precision analysis was performed using the average annual growth rate for each 
site and truck class (Table 4.7). The analysis was based on the computation of the 
coefficient of variation for each truck classification and site. The results are shown in 
Table 4.11. 
 
 
Truck Class Class-Weighted Average annual growth rate – (all) 
TC4 8.31% 
TC5 5.66% 
TC6 0.72% 
TC7 -2.17% 
TC8 3.99% 
TC9 4.89% 
TC10 8.08% 
TC11 10.92% 
TC12 6.30% 
TC13 12.88% 
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Table 4.11—Coefficient of Variation (CV) for Each Truck Class—All Interstates 
 
 
 
 
 
 
 
 
 
 
 
 
 
As explained in the literature review large coefficients of variation are often 
associates with large gaps between growth rates. The standard deviation always is a 
positive number because it is based on the sum of squares deviations from the mean. 
However, negative growth rates generate negative mean, consequently negative CVs. 
Table 4.11 shows high coefficients of variation, the exception is in Truck Class 4 
and Truck Class 13, with coefficient of variation of 32.41% and 10.97% respectively. 
Therefore, the growth rates in these truck classes are more reliable in order to anticipate 
future truck traffic volume. As previously mentioned, high coefficient of variation may 
point out the presence of outliers in the sites analyzed. Therefore, truck class models with 
high CVs should be used with care in forecasting.  
b) Rural Interstates 
Similar to the analysis for all interstates, separate studies were performed for rural 
and urban sites. Using the five sites from rural interstate highways: 01, 05, 47, 50, and 53. 
Truck 
Class Mean St. dev. 
Coefficient of 
variation 
TC4 0.08 0.03 32.41% 
TC5 0.05 0.05 95.15% 
TC6 -0.03 0.18 -526.94% 
TC7 -0.05 0.17 -364.60% 
TC8 0.03 0.06 213.84% 
TC9 0.03 0.08 298.57% 
TC10 0.05 0.13 256.55% 
TC11 0.16 0.27 175.04% 
TC12 0.02 0.22 960.75% 
TC13 0.12 0.01 10.97% 
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Table 4.12 shows Annual Average Growth Rates in the sites of the study. The weight 
factors for rural and urban interstate highways were reported in Appendix B. 
Table 4.12—Annual Average Growth Rate Weighted—Rural Interstate 
 
 
 
 
 
 
 
 
Rural sites also display negative growth rate values in truck class 6 and class 7. 
As reported in the previous explanation, the traffic volume of these truck classes has been 
decreased. 
Precision Analysis 
Precision analysis was calculated based on the annual average growth rates for 
each truck class (Table 4.12). The coefficients of variation are showed in the following 
table. Table 4.13 corroborates that Class 13 is the most stable truck class traveling on 
rural interstate highways based on its low coefficient of variation of 11.75%. 
 
 
Truck 
Class 
Class-Weighted 
Average annual 
growth rate – (rural) 
TC4 9.89% 
TC5 6.86% 
TC6 -1.98% 
TC7 -1.33% 
TC8 4.40% 
TC9 4.71% 
TC10 9.11% 
TC11 7.60% 
TC12 6.14% 
TC13 12.56% 
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Table 4.13— Coefficient of Variation in Every Site—Rural Interstates 
 
Truck Class Mean St. dev. Coefficient of Variation 
TC4 0.09 0.03 32.05% 
TC5 0.06 0.06 108.14% 
TC6 -0.07 0.23 -311.45% 
TC7 -0.06 0.23 -369.02% 
TC8 0.03 0.08 300.33% 
TC9 0.01 0.10 961.56% 
TC10 0.04 0.16 450.63% 
TC11 0.09 0.17 194.97% 
TC12 -0.02 0.25 -1544.69% 
TC13 0.12 0.01 11.75% 
 
 
c) Urban Interstates 
This analysis is similar to the one performed for rural interstates. Urban sites were 
used: 26, 29, and 42.  
Table 4.14—Annual Average Growth Rate Weighted—Urban Interstates 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.14 shows that truck class 7 is decreasing not only in urban highways but 
also in rural interstate highways. Therefore, it corroborates that this commercial vehicle 
is decreasing activity on interstate highways in West Virginia and truck class 13 is the 
most stable growth truck class based on its coefficient of variation.    
Truck Class 
Class-Weighted 
Average annual 
growth rate – (urban)
TC4 6.44% 
TC5 4.48% 
TC6 2.80% 
TC7 -2.98% 
TC8 3.62% 
TC9 5.06% 
TC10 7.55% 
TC11 14.11% 
TC12 6.46% 
TC13 13.01% 
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Precision Analysis 
Precision analysis was calculated based on the annual average growth rates for 
each truck class (Table 4.14). The coefficients of variation are showed in the following 
table. 
Table 4.15— Coefficient of Variation in Every Site—Urban Interstates 
 
Truck Class Mean St. dev. Coefficient of variation 
TC4 0.07 0.01 18.46% 
TC5 0.04 0.03 70.61% 
TC6 0.03 0.04 129.74% 
TC7 -0.03 0.09 -324.40% 
TC8 0.03 0.03 93.85% 
TC9 0.05 0.02 44.22% 
TC10 0.07 0.07 95.95% 
TC11 0.25 0.40 161.44% 
TC12 0.09 0.18 206.41% 
TC13 0.13 0.02 11.99% 
Coefficients of variation in rural and urban sites show lower values at the truck 
classes 4 and 13, similar finding reported in the previous analyses.   
4.1.1.3 Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
Truck classifications were grouped according to the number of axles: one single 
unit (4-7 vehicle classes) and multi-unit axle (8-13 vehicle classes). This analysis was 
conducted to better understand patterns of trucks traveling on interstate highways and to 
reduce the coefficient of variation in the models performed. These calculations were 
performed on all, rural and urban interstate highways. 
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a) All Interstates 
Table 4.16 shows growth rates for two groups of truck classification, single/multi- 
unit axles. These rates were calculated using the AADTT of each group of truck 
classification. For example, in one site, the AADTTs between truck classifications 4 to 7 
were added to obtain the AADTT for the single-unit group (TC4-TC7). After the AADTT 
for each site and group was determined, linear regression was performed to calculate the 
growth rates, dividing the slope by the estimate year 2003. A similar procedure was 
conducted for multi-unit trucks (TC8-TC13).  
Table 4.16—Annual Average Growth Rates for Single and Multi-Unit Trucks for 
Each Site—All Interstates 
  
 
Truck  
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4-TC7 -6.64% 2.79% 3.20% 1.88% 7.37% 8.89% 10.93% 7.73%
TC8-TC13 -15.54% 2.63% 3.97% 2.57% 7.82% 0.19% 9.73% 6.30%
 
Table 4.16 shows negative growth rates in Site01, as reported in the previous 
analyses the highest negative growth rate of -15% belongs to the heavy truck group, and a 
large dispersion in growth rates in both groups is found, between -15% and 11%. 
Annual Average Growth Rate Weighted 
AADTTs from single and multi-unit trucks were used to determine the weight 
factors. This is a similar analysis to perform with all, rural or urban site groups. The 
weight factor was the AADTT for one site in a group (e.g. single-unit) divided by the 
total sum of AADTT for all sites in the same group. Table 4.17 shows the weight factors. 
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Table 4.17—Weight Table and Annual Average Growth Rate Weighted for Single 
and Multi-Unit Truck—All Interstates 
 
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
Class-Weighted 
Annual Average  
Growth Rate – (all) 
TC4-TC7 -0.004 0.003 0.006 0.003 0.012 0.009 0.019 0.004 5.12% 
TC8-TC13 -0.007 0.002 0.005 0.006 0.011 0.000 0.022 0.003 4.32% 
 
The annual average growth rates weighted for single and multi-unit trucks shown 
in Table 4.17 are smaller than those obtained in the previous analyses. These growth 
rates, around 4% are somewhat similar to the common growth rates used by DOTs for 
interstate highways. 
Precision Analysis 
The precision analysis was conducted based on annual average growth rates from 
single and multi-unit trucks on all interstate highways in West Virginia shown in Table 
4.16. The coefficient of variation as previously mentioned measures the variation of 
growth rates from the mean in a group analyzed, in this case for the light (single-unit) and 
heavy truck (multi-unit) vehicle groups.  
Table 4.18—AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of 
Variation in Every Site—All Interstates  
 
Truck 
Class Mean St. dev. 
Coefficient 
of 
 Variation 
TC4-TC7 0.045 0.055 122.56% 
TC8-TC13 0.022 0.078 353.54% 
 
As in the previous analyses, high values of coefficient of variation were found. 
This is due to the considerable difference between the growth rates in this group 
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analyzed, differences between growth rates from 2% to 10%, and the negative growth 
rate value in Site 01 (around 7%) generated high coefficients of variation.  
b) Rural Interstates 
Similar to the previous analyses, the analysis for rural and urban interstate 
highways was conducted. Table 4.19 shows annual average growth rate weighted for 
each truck group in rural interstate highways.   
Table 4.19—Weight Table and Annual Average Growth Rate Weighted for Single 
and Multi-Unit Truck—Rural Interstates 
 
 
 
 
 
 
 
 
Somewhat similar growth factors were found in this analysis than the previous 
one with growth rates between 4% and 6% and higher growth rate for single-unit trucks 
than heavy trucks in rural interstates. 
Precision Analysis 
Precision analysis was conducted based on annual average growth rates from 
rural interstate highways in West Virginia shown in Table 4.16. These sites were used: 
Site 01, Site 05, Site 47, Site 50, and Site 53.  
 
Truck Class Site01 Site05 Site47 Site50 Site53 
Class-Weighted 
Annual Average  
Growth Rate – (rural) 
TC4-TC7 0.136 0.201 0.202 0.364 0.097 6.18% 
TC8-TC13 0.097 0.177 0.154 0.477 0.095 4.24% 
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Table 4.20—AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of 
Variation in Every Site—Rural Interstates 
 
Truck Class Mean St. dev. Coefficient ofVariation 
TC4-TC7 0.047 0.070 148.28% 
TC8-TC13 0.007 0.098 1471.56% 
Coefficients of variation are high due to the large difference among growth rates 
in these sites from -15% to 10%.   
c) Urban Interstates 
 
Like the rural analysis, a similar one was conducted to urban sites. Table 4.21 
shows annual average growth rates for single and multi-unit truck in urban interstate 
highways. 
Table 4.21—Weight Table and Annual Average Growth Rate Weighted for Single 
and Multi-Unit Truck—Urban Interstates 
 
 
 
 
 
 
 
Both groups, single and multi-unit trucks in urban interstates highways have 
similar growth rates around 4%. These growth rates seem to be reasonable growth rates 
for both classes based on the common truck traffic growth rates used by DOT for 
interstate highways in the US. In addition, opposite to rural interstates, the annual growth 
rate weighted for heavy truck classes is higher than the light or single-unit truck vehicles.  
 
Truck Class Site26 Site29 Site42 
Class-Weighted 
Annual Average  
Growth Rate – (urban) 
TC4-TC7 0.345 0.330 0.326 4.12% 
TC8-TC13 0.244 0.474 0.282 4.39% 
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Precision Analysis 
Precision analysis was conducted based on annual average growth rates from 
rural interstate highways in West Virginia shown in Table 4.16. These sites were used: 
Site 01, Site 26, Site 29, and Site 42.  
Table 4.22—AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of 
Variation in Every Site—Urban Interstates 
 
 
 
 
 
 
Table 4.22 shows lower values of CVs for single and multi-unit axles due to the 
fact that Site01 is not included. Models in these groups are the most reliable to predict 
future truck traffic volume. Truck traffic volume is increasing around 4.0% in single and 
multi-unit trucks. 
4.1.2. Linear Regression Analysis using Year Averaged AADTTs 
 
4.1.2.1. Analysis for Sites 
Linear regression analysis was conducted using the average of AADTT for all 
sites in one year. In other words, AADTTs for all sites for the same year were averaged. 
For example, AADTTs for the year 1995 in all sites (Site01, Site05,…Site53) were 
averaged to obtain only one AADTT for this year, “1995”. A similar procedure was 
conducted for the rest of the years. Therefore, nine AADTTs were obtained, one for each 
year, and then these values were plotted in a graph to determine their linear trend. The 
growth rate was determined by the slope and the estimated AADTT for the year 2003. 
Truck Class Mean St. dev. Coefficient ofvariation 
TC4-TC7 0.042 0.029 69.08%
TC8-TC13 0.048 0.027 56.74%
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a) All Interstates 
Figure 4.1 shows the plot of AADTTs in a graph and their trend (linear curve).  
 
 
 
 
 
 
 
 
 
 
Figure 4.1—Trends at All Interstate Highways 
 
 
(Equation 4.1) 
 
 
 
 
 
Equation 4.1 could be used to estimate future truck traffic at interstate highways 
based on the AADTT year averaged. This is a reliable model based on its high coefficient 
of regression, around 1.0. Also, based on this model, from the slope and the AADTT 
predicted to the year 2003, an overall growth rate is estimated to be 5.46%. 
 
 
Slope Intercept Estimate 2003 Overall Growth Rate 
286.58 -568778 5248 5.46% 
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Trends at Rural Interstate Highways 
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b) Rural Interstates 
Separate analysis for rural and urban interstate highways was conducted. Figure 
4.2 shows the results for rural sites: Site01, Site05, Site47, Site50, and Site53.  
 
 
 
 
 
 
 
 
 
 
Figure 4.2—Trends at Rural Interstate Highways 
 
(Equation 4.2) 
 
 
 
Equation 4.2 was developed using the year averaged from rural sites. Based on 
this model, an overall growth rate was estimated to 6.29%.  
 
 
Slope Intercept Estimate 2003 Overall Growth Rate 
264.42 -525425 4201 6.29% 
264.42 525425AADTT year= × −
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Trends at Urban Interstate Highways 
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R2 = 0.9502
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year
A
nn
ua
l A
ve
ra
ge
 D
ai
ly
 T
ru
ck
 T
ra
ffi
c 
(A
A
D
TT
)
Site26
Site29
Site42
Average
Linear
(Average)
c) Urban Interstates 
Figure 4.3 shows the analysis for rural sites: Site26, Site29, and Site42. 
Figure 4.3—Trends at Urban Interstate Highways 
(Equation 4.3) 
 
 
 
Similar to the previous analysis, Equation 4.3 was developed and an overall 
growth rate estimated. Most reliable models were found using AADTT year averaged 
based on their coefficient of regression around one. Slight variations among overall 
growth rates were present, obtaining growth rate values between 4% and 6% in the three 
last analyses. 
 
Slope Intercept Estimate 2003 Overall Growth Rate 
323.62 -641212 6992 4.63% 
323.62 641212AADTT year= × −
75  
4.1.2.2 Analysis for Each Truck Classification 
Similar to the analysis for sites, a study for each truck classification was 
conducted. In this analysis, AADTTs for the same year and truck class were averaged. 
For example, the AADTTs for truck class four (TC4) for Site01, Site05…..Site53 from 
the year 1995 were averaged; thus, one AADTT for TC4 from this year (1995) was 
obtained. A similar analysis was conducted for the rest of the years. Therefore, for TC4, 
nine AADTTs were estimated and plotted in a graph to analyze the trend of the AADTTs 
in this truck classification in the course of the years. The following tables show 
regression models conducted for all of the sites in the study, rural and urban sites, as well 
as the analysis for single and multi-unit axle groups.    
a) All Interstates 
 
Similar to the analysis for sites, the average of the AADTTs for each truck class 
for all the sites for the same year was taken in order to develop a model for each truck 
class. These models and their coefficients of regression are shown in Table 4.23.   
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Table 4.23—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—All Interstate Highways 
 
Truck Class Model Overall Growth Rate R² 
TC4   Y=6X-12712 8.59% 0.82 
TC5   Y=30X-59242 6.67% 0.84 
TC6   Y=8X-16348 4.66% 0.38 
TC7   Y=-0.12X+252 -0.64% 0.01 
TC8   Y=15X-30170 5.51% 0.68 
TC9   Y=342X-680161 6.89% 0.66 
TC10   Y=10X-20358 9.65% 0.66 
TC11   Y=52X-104051 10.32% 0.78 
TC12   Y=8X-15151 10.61% 0.83 
TC13   Y=11X-22612 12.80% 0.77 
Truck class 6 and 7 presents poor coefficients of regression on their models. 
Therefore, these models should be use with caution. The low coefficients of regression is 
due to the large negative growth rate values in these truck classes in Site01, generating 
large differences between the mean of these truck classes compared to the rest. 
Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
Analysis for single and multi-unit truck groups were performed using the sum of 
the average of the AADTTs from truck class 4 to class 7 and class 8 to class13 for the 
same year was taken. Therefore, Average of AADDT for single and multi-unit trucks was 
obtained for the years in the study. Table 4.24 shows linear regression, the overall growth 
rate, which was based on the slope and the estimated year 2003, and the coefficient of 
regression for single and multi-unit truck groups. 
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Table 4.24—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—Single/Multi-Unit Trucks (All Interstates) 
 
 
 
The impact of the negative growth rates from class 6 and 7 is lower in the above 
analysis. Single and multi-unit trucks show coefficients of regression of 0.77 and 0.62, 
respectively, and similar positive growth rates around 6%. 
b) Rural Interstates 
 
This analysis was conducted using the AADTTs from rural sites, they were 
averaged and plotted in order to develop their models. The models and coefficient of 
regression are shown in the following table. 
Table 4.25—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—Rural Interstate Highways 
 
Truck Class Model Overall Growth Rate R² 
TC4 Y=7X-13466 9.90% 0.80 
TC5 Y=31X-60932 8.33% 0.73 
TC6 Y=5X-9675 4.62% 0.21 
TC7 Y=-0.05X+124 -0.35% 0.00 
TC8 Y=14X-27004 6.54% 0.46 
TC9 Y=207X-411461 6.37% 0.31 
TC10 Y=6X-11092 11.01% 0.56 
TC11 Y=64X-128451 11.87% 0.77 
TC12 Y=9X-18751 12.21% 0.75 
TC13 Y=4X-7547 11.79% 0.91 
 
Truck Class Model Overall Growth Rate R² 
TC4-TC7 Y=44X-88050 6.19% 0.77 
TC8-TC13 Y=352X-700272 6.46% 0.62 
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Table 4.25 shows small coefficients of regression from truck class 6 through 9. 
The worst coefficient of regression (equal to zero) belongs to class 7. Therefore, this 
model should not be used to estimate truck traffic volume.   
Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
Analysis for single and multi-unit truck groups were performed using AADTTs 
for rural sites. Similar to the all interstates analysis the sum of the average of the 
AADTTs from truck class 4 to class 7 and class 8 to class13 for the same year was taken. 
Table 4.26 shows the regression models for both groups and their growth rate based in 
the slope and the estimated year 2003. 
 
Table 4.26—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—Single/Multi-Unit Trucks (Rural Interstates) 
 
 
 
The single-unit truck group seems to be the most reliable even though it includes 
class 6 and 7, which have the lowest coefficients of regression in previous analyses.   
c) Urban Interstates 
Similar to rural sites, this analysis was conducted using the AADTTs from urban 
sites; they were averaged in order to develop models for each truck class. Models and 
coefficient of regression are shown in the following table. 
Truck Class Model Overall Growth Rate R² 
TC4-TC7 Y=42X-83948 7.58% 0.66 
TC8-TC13 Y=215X-427859 6.00% 0.27 
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Table 4.27—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—Urban Interstate Highways 
 
Truck Class Model Overall Growth Rate R² 
TC4 Y=6X-11936 7.34% 0.71 
TC5 Y=22X-44500 4.49% 0.84 
TC6 Y=6X-12197 2.80% 0.45 
TC7 Y=-0.37X+754 -1.84% 0.04 
TC8 Y=12X-24410 3.77% 0.66 
TC9 Y=379X-753172 6.18% 0.82 
TC10 Y=11X-21791 7.75% 0.57 
TC11 Y=49X-98213 9.21% 0.49 
TC12 Y=7X-13746 9.22% 0.53 
TC13 Y=17X-34086 12.96% 0.87 
 
Table 4.27 shows better coefficients of regression than previous analyses; 
however, class 7 still carries a poor coefficient of regression, around zero.  
Truck Groups: Single-Unit and Multi-Unit (4-7, 8-13) 
Analysis for single and multi-unit truck groups were performed using AADTTs 
for urban sites. Similar to the rural interstates analysis the sum of the average of the 
AADTTs from truck class 4 to class 7 and class 8 to class 13 for the same year was taken. 
Table 4.26 shows the regression models for both groups and their growth rate based in 
the slope and the estimated year 2003. 
Table 4.28—Linear Regression Models, Growth Rates and Coefficient of Regression 
(R²) for Each Truck Classification—Single/Multi-Unit Trucks (Urban Interstates) 
 
 
 
 
Truck Class Model Overall Growth Rate R² 
TC4-TC7 Y=34X-67879 4.17% 0.80 
TC8-TC13 Y=383X-761144 5.69% 0.78 
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Final conclusions from previous analyses are described below: 
? Urban sites are the most reliable group to be predicted.  
? Truck classes 6 through 9 display the lowest coefficient of regression on 
rural sites; however, growth rates on these classes can be used to further 
understand some changes on truck travel patterns. 
? Heavy truck traffic showed similar overall growth rates in all the three 
analyses performed: all, rural and urban interstates. Most of these similar 
growths are from class 10 to class 13, which includes six or more axle 
single trailers through multi trailer consisting of three or more units.  
? Truck class 7 showed to be the worst model based on its coefficient of 
regression equal to zero. 
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4.2 Growth Factor  
Since the most important information is the most recent traffic counts, current 
growth rates were estimated for every site and for each truck classification. These rates 
were calculated using the last two years of data available with at least one year gap 
between them. The analysis for Sites in all, rural and urban interstate highways is 
reported in this chapter, and the analysis by each truck class and truck groups is 
documented in the Appendix D.  
4.2.1 Analysis for Sites 
 
a) All Interstates 
Truck traffic growth rates and weight factors were estimated for all interstate 
highways using the growth factor method explained in Chapter 3. Table 4.29 shows truck 
traffic growth rates in all sites and their respective weight factors.  
Table 4.29—Average Annual Growth Rates Weighted and Coefficient of Variation 
(CV) for Each Site—All Interstates 
 
 
 
 
 
 
 
 
 
Route Class Site Growth Rate Sum of trucks in the two years analyzed weight/site 
I-64 Rural SITE 01 -13.35% 3029 0.040 
I-79 Rural SITE 05 -0.30% 6225 0.083 
I-64 Urban SITE 26 1.54% 9676 0.129 
I-70 Urban SITE 29 0.35% 17065 0.227 
I-64 Urban SITE 42 16.32% 10508 0.140 
I-77 Rural SITE 47 0.09% 5864 0.078 
I-81 Rural SITE 50 11.38% 19475 0.259 
I-68 Rural SITE 53 24.45% 3439 0.046 
Class-Weighted 
Average annual 
growth rate – (all) 
6.06% 
Mean 5.06% 
St. dev. 11.77% 
Coefficient of 
variation 232.59%
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The annual average growth rate weighted in Table 4.29 is higher than that 
obtained in the linear regression analysis. This is due to the large difference between the 
most current AADTTs, which were used to estimate the growth rate for each site. 
However, the coefficient of variation is somewhat similar to the regression analysis, 
which is a large value.    
b) Rural Interstates 
This analysis is similar to all interstate sites. Results are shown in table 4.30. 
Table 4.30—Average Annual Growth Rates Weighted and Coefficient of Variation 
(CV) for Each Site—Rural Interstates 
 
  
 
 
 
 
 
 
The annual average growth rate weighted in rural interstates is higher than the 
linear regression analysis; however, the coefficient of variation is somewhat similar to the 
linear regression analysis.  
 
 
Route Class Site Growth Rate Sum of trucks in the twoyears analyzed weight/site 
I-64 Rural SITE 01 -13.35% 3029 0.080 
I-79 Rural SITE 05 -0.30% 6225 0.164 
I-77 Rural SITE 47 0.09% 5864 0.154 
I-81 Rural SITE 50 11.38% 19475 0.512 
I-68 Rural SITE 53 24.45% 3439 0.090 
Mean 4.45% 
St. dev. 14.20% 
Coefficient of 
variation 318.73% 
Class-Weighted 
Average annual 
growth rate – (rural) 
6.94% 
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c) Urban Interstates 
Truck traffic growth rates and weight factors were estimated for urban interstate 
highways. Table 4.31 shows truck traffic growth rates in all sites and their respective 
weight factors.  
Table 4.31—Average Annual Growth Rates Weighted and Coefficient of Variation 
(CV) for Each Site—Urban Interstates 
 
 
 
 
 
 
 
 
 
As in the previous analysis the annual average growth rate weighted in urban 
interstates is higher than the linear regression analysis; however, the coefficients of 
variation in both analyses are high and display a slight variation.  
 
 
 
 
Route Class Site Growth Rate Sum of trucks in the two years analyzed  weight/site 
I-64 Urban SITE 26 1.54% 9676 0.260 
I-70 Urban SITE 29 0.35% 17065 0.458 
I-64 Urban SITE 42 16.32% 10508 0.282 
Class-Weighted 
Average annual 
growth rate – (urban) 
5.16% 
Mean 6.07% 
St. dev. 8.90% 
Coefficient of 
variation 146.60% 
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4.3 Summary: Comparison among Annual Average Growth Rates  
 
 
4.3.1. Annual Average Growth Rate for All, Rural and Urban Interstate Highways  
 
Table 4.32 shows that interstate highways on rural areas in West Virginia area 
increasing at a higher rate than urban areas. Also, the annual average growth rates in the 
three analyses are between 4.37% and 6.94%; therefore, an overall growth rate can be 
established to be 5.00%.  
Table 4.32—Comparison of Annual Average Growth Rates (Weighted Average, 
Year Average Analysis and Growth Factor) 
 
Annual Average Daily Truck Traffic Growth Rate  
  
Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor  
All 4.52% 5.46% 6.06% 
Rural 4.69% 6.29% 6.94% 
Urban 4.37% 4.63% 5.16% 
 
 
It is important to note that annual average growth rates weighted in the growth 
factor method analysis are higher than the one performed by regression analysis; 
however, the coefficients of variation in both analyses are high and displayed a slight 
variation.  
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4.3.2. Analysis for Each Truck Classification  
Results from the analyses of truck classes in this study for all interstate highways 
were compared. Two linear regression analyses were conducted, using AADTTs and the 
year averaged of AADTTs. Results from linear regression and the growth factor method 
were compared and are documented in the following table: 
Table 4.33—Comparison of Annual Average Growth Rate— All Interstate 
Highways 
 
Annual Average Daily Truck Traffic Growth Rate  
ALL Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor  
TC4 8.31% 8.59% 15.44% 
TC5 5.66% 6.67% 10.81% 
TC6 0.72% 4.66% 8.76% 
TC7 -2.17% -0.64% 11.55% 
TC8 3.99% 5.51% 8.79% 
TC9 4.89% 6.89% 6.05% 
TC10 8.08% 9.65% 23.34% 
TC11 10.92% 10.32% 4.14% 
TC12 6.30% 10.61% 6.43% 
TC13 12.88% 12.80% 20.49% 
Truck class 9, which includes five-axle single trailer trucks consisting of two 
units, one of which is a tractor or straight truck power unit, seems to be the most stable 
truck class vehicle on interstate highways in West Virginia. Similar to the above table, 
results from rural sites were compared, and are reported in Table 4.34. 
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Table 4.34—Comparison of Annual Average Growth Rates— Rural Interstate 
Highways  
 
Annual Average Daily Truck Traffic Growth Rate  
Rural Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor   
TC4 9.89% 9.90% 9.66% 
TC5 6.86% 8.33% 12.04% 
TC6 -1.98% 4.62% 10.18% 
TC7 -1.33% -0.35% 11.82% 
TC8 4.40% 6.54% 7.17% 
TC9 4.71% 6.37% 7.90% 
TC10 9.11% 11.01% 39.95% 
TC11 7.60% 11.87% 13.11% 
TC12 6.14% 12.21% 20.01% 
TC13 12.56% 11.79% 22.48% 
 
Truck class 4, which includes buses, all vehicles manufactured as traditional 
passenger-carrying buses with two axles and six tires or three or more axles, displays the 
most constant growth rates in rural interstate highways. Table 4.34 shows truck class 4 
growing at an overall rate of 10%. Similar comparison for urban highways is shown 
below in Table 4.35.   
Table 4.35—Comparison of Annual Average Growth Rates— Urban Interstate 
Highways 
 
Annual Average Daily Truck Traffic Growth Rate  
Urban Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor  
TC4 6.44% 7.34% 22.50% 
TC5 4.48% 4.49% 9.55% 
TC6 2.80% 2.80% 7.54% 
TC7 -2.98% -1.84% 11.15% 
TC8 3.62% 3.77% 10.33% 
TC9 5.06% 6.18% 4.15% 
TC10 7.55% 7.75% 13.33% 
TC11 14.11% 9.21% -5.53% 
TC12 6.46% 9.22% -7.80% 
TC13 13.01% 12.96% 19.76% 
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Truck class 9 is the most stable truck class vehicle on urban interstate highways in 
West Virginia, growing at an overall rate of 5%. As a general comment, results for Truck 
class 7 from all, rural and urban interstate highways displayed large disparity among 
growth rates. Also, in the regression analysis truck class seven showed coefficient of 
regression around zero. Therefore, models and growth rates for this truck class should be 
used with care in future forecasting. 
4.3.3. Truck Groups Single-Unit and Multi-Unit (4-7, 8-13) 
 
Results from the analyses of truck groups in this study for all interstate highways 
were compared. Two groups were performed; single and multi-unit trucks to be analyzed. 
Results from the linear regression and growth factor method were compared and are 
documented in Table 4.36. 
Table 4.36—Comparison of Annual Average Growth Rates-- All Interstate 
Highways 
 
Annual Average Daily Truck Traffic Growth Rate  
All Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor   
TC4-TC7 5.12% 6.19% 10.58% 
TC8-TC13 4.32% 6.46% 5.47% 
 
Heavy truck traffic (multi-unit trucks) is the most stable truck group on interstate 
highways in West Virginia based on its annual average growth rate in the three analyses. 
The growth rate for multi-unit trucks is between 4.32% and 6.46%. Therefore, an overall 
annual growth rate for heavy traffic could be established to 5.00%. 
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Table 4.37 shows higher rates in single-unit trucks than heavy vehicles. 
Therefore, light truck traffic (single-unit trucks) is increasing at higher rate than heavy 
traffic in rural areas. Also, heavy truck traffic is increasing at an overall growth rate 
5.00%, similar finding reported in the previous analysis. 
Table 4.37—Comparison of Annual Average Growth Rates—Rural Interstate 
Highways 
 
Annual Average Daily Truck Traffic Growth Rate  
Rural Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor   
TC4-TC7 6.18% 7.58% 11.09% 
TC8-TC13 4.24% 6.00% 6.52% 
 
Table 4.38 displays heavy traffic (multi-unit trucks) growing at an overall growth 
rate of 5.00%. Unlike this result, an overall growth rate for single-unit trucks cannot be 
established based on both methods, because this truck group shows a large difference 
between the linear regression and growth factor method, a difference between 4.00% and 
10.00%. 
Table 4.38—Comparison of Annual Average Growth Rates—Urban Interstate 
Highways 
 
Annual Average Daily Truck Traffic Growth Rate  
Urban Linear Regression 
(weighted average) 
Overall 
(Linear Regression) Growth Factor   
TC4-TC7 4.12% 4.17% 10.06% 
TC8-TC13 4.39% 5.69% 4.41% 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 
The purpose of this research was to forecast truck traffic volumes and truck traffic 
growth rates for interstate highways in West Virginia. Forecasting truck traffic is a vital 
duty in transportation planning in order to give the appropriate response due to the 
continuous changes in truck travel patterns on the highways system. Since interstate 
highways provide the highest level of service in the US highway system, it is valuable to 
understand and predict the variation in the roadways activity system to anticipate the 
improvements of new facilities and to understand the relationship of land use and 
transportation. Accurate and efficient forecasts of truck traffic are helpful in answering 
important questions for engineers and planners. Questions such as: Which roads carry 
large truck traffic volumes? What type of truck vehicle is increasing at a higher rate on 
interstate highways? Which roads carry light truck traffic volumes? These questions are 
answered in this study. In addition, this study shows truck travel patterns in separated 
studies for all, rural and urban interstate highways as well as for each type of truck 
vehicle. 
Models and annual average growth rates forecasted in this study were derived by 
data collected from 1995 to 2003 from West Virginia’s eight Permanent Automatic 
Traffic Recorders located in the following stations: Site 01, Site 05, Site 26, Site 29, Site 
42, Site 47, Site 50, and Site 53. Data was tested for missing values, discrepancies and 
errors. They were removed based on observation of data and the use of a confidence 
interval. The confidence interval was based on the standard deviation and the mean of the 
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data analyzed. This test was conducted in order to validate raw data from the count 
stations in order to develop models. Regression models and growth rates predicted in this 
study can be used throughout the Interstate Highways in West Virginia with a degree of 
confidence in the basis of their coefficient of regression 
Limitations of this study are due to the errors and missing data found in the raw 
data, which affects the predicting capability in our sample data. This, consequently, also 
affected the results. Therefore, the factors derived by this study are limited in the way 
that they could only be used to compare with growth factors currently used by the West 
Virginia DOT in their designs, but these factors can also be used to further understand 
changes in future truck traffic patterns at interstate highways for each site and truck 
classification. 
The two methods conducted to predict truck traffic (linear regression and growth 
factors) were compared. Linear regression models were proven to be the most confident 
technique used in the predicting analysis based on high values of the coefficient of 
regression present in the models developed. In addition, the use of the whole data 
available makes regression models stronger predictors than the growth factor method. 
The Growth factor technique showed results far away from the normal or reasonable 
values of growth rates for interstate highways. It probably occurs due to the use of two 
years data to develop the growth rate factors. As a final conclusion, linear regression 
analysis was established as the best predictor model technique to be used at interstate 
highways in West Virginia, giving an overall annual average growth rate of 5%.  
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5.1 Findings 
 
• Annual average growth rates from the three methods conducted from all, 
rural and urban interstate highways display somewhat similar annual 
average growth rates between 4.37% and 6.94%. Therefore, an overall 
growth rate at interstate highways in West Virginia can be established to 
be around 5.00%. 
• The best Models were found in the AADTT year averaged analysis based 
on their high coefficient of regression around 0.95. 
• The best models for each truck classification are found in Site50, and the 
worst models in Site29 (only truck class 9 and 10 could be predicted) 
based on coefficients of regression and the difference between real 
AADTT and the predicted one (Appendix C). 
• Truck class 13 seems to be the most reliable truck class to be predicted on 
the basis of its coefficient of variation around 12%. 
• Site01 showed negative annual average truck traffic growth rates. As 
shown in Table 4.7, heavy truck classes are reducing their travel activity in 
this site. As previously reported, the decline in the coal mining production, 
in addition to a possible change in route choice, could be affecting the 
travel patterns of the heavy truck classes. 
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• Growth rates weighted in the growth factor method were higher than the 
one performed by regression analysis; however, the coefficients of 
variation in both analyses are high and display a slight variation.  
5.2 Further Work 
 
• More counts should be collected throughout the state, to ensure robust 
models. Additional data would also help to increase the accuracy of the 
proposed method and would better enable engineers to differentiate 
between locally generated and through traffic. 
• Although the preliminary results obtained through this study are promising 
in terms of the proposed methodology, it is recognized that a much larger 
set of counts should be considered, in order to obtain more sound 
statistical models and more accurate results.  
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APPENDICES 
APPENDIX A 
Linear Regression Models for Each Truck Classification for Each Site 
 
 
 
Rural Interstate Highways 
 
 
Truck 
Class Site 01 Site 05 Site 47 
TC4 Y=3.43X-6812 Y=2.4X-4773 Y=8.77X-17475 
TC5 Y=-4.46X+9051 Y=6.5X-12758 Y=44.97X-89651 
TC6 Y=-8.89X+17818 Y=2.99X-5871 Y=-5.07X+10190 
TC7 Y=-3.4X+6813 Y=0.49X-948 Y=-0.1X+203 
TC8 Y=-5.6X+11271 Y=7.45X-14736 Y=2.43X-4735 
TC9 Y=-106.43X+213865 Y=69.65X-136968 Y=15.77X-29621 
TC10 Y=-1.43X+2867 Y=2.68X-5335 Y=3.53X-7044 
TC11 Y=-5X+10019 Y=4X-7933 Y=-8X+16097 
TC12 Y=-1.5X+3000 Y=-0.33X+673 Y=-1X+2011 
TC13 Y=6.23X-12432 Y=1.84X-3670 Y=5.53X-11040 
 
 
Noted: “X” is the independent variable Time Period, for example: 2004, 2005, 2006 and so on. 
 “Y” is the Annual Average Daily Truck Traffic to be predicted 
 
 
 
 
Truck 
Class Site 50 Site 53 
TC4 Y=16.6X-33127 Y=3.29X-6569 
TC5 Y=67.66X-134826 Y=17.92X-35693 
TC6 Y=40.75X-81280 Y=3.83X-7600 
TC7 Y=8.25X-16478 Y=-1.57X+3145 
TC8 Y=40.76X-81147 Y=11.56X-23033 
TC9 Y=1043.51X-2080300 Y=115.19X-228937 
TC10 Y=32.11X-64126 Y=1.93X-3834 
TC11 Y=104X-207318 Y=-13.43X+26854 
TC12 Y=19X-37897 Y=-0.36X+716 
TC13 Y=5.53X-11034 Y=1.73X-3444 
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Urban Interstate Highways 
     
 
Truck 
Class Site 26 Site 29 Site 42 
TC4 Y=4.5X-8957 Y=5.2X-10326 Y=5.53X-10995 
TC5 Y=16.74X-33038 Y=8.61X-16801 Y=48.71X-96948 
TC6 Y=4.41X-8587 Y=-0.19X+571 Y=17.74X-35300 
TC7 Y=0.91X-1799 Y=0.26X-507 Y=-2.07X+4167 
TC8 Y=4.63X-9000 Y=4X-7722 Y=31.45X-62539 
TC9 Y=176.5X-349497 Y=269.18X-531812 Y=431.29X-858550 
TC10 Y=-0.57X+1222 Y=15.76X-31413 Y=23.99X-47873 
TC11 Y=14.23X-28334 Y=-16.6X+33626 Y=-36X+72056 
TC12 Y=-0.27X+545 Y=1.1X-2128 Y=-7.5X+14997 
TC13 Y=7.67X-15301 Y=16.64X-33206 Y=28.21X-56295 
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APPENDIX B 
Annual Average Growth rates and weight factors for each truck classification on 
rural and urban interstate highways. 
 
 
Rural Interstates 
 
Annual Average Growth Rate 
 
   
Truck Class Site01 Site05 Site47 Site50 Site53 
TC4 6.23% 6.21% 10.40% 13.00% 10.58% 
TC5 -3.61% 2.48% 10.78% 9.63% 8.86% 
TC6 -45.34% 2.63% -12.12% 12.12% 5.78% 
TC7 -141.67% 1.70% -3.70% 15.66% -38.72% 
TC8 -10.26% 3.96% 1.75% 8.27% 9.31% 
TC9 -15.45% 2.75% 0.80% 10.60% 6.46% 
TC10 -23.81% 6.81% 10.58% 17.16% 6.85% 
TC11 -125.00% 5.06% -10.96% 10.47% 30.72% 
TC12 32.14% -6.25% -12.50% 11.90% -33.33% 
TC13 14.09% 10.12% 12.81% 12.86% 12.16% 
 
Weight Table 
 
 
 
Truck Class Site01 Site05 Site47 Site50 Site53 
TC4 0.179 0.145 0.280 0.319 0.077
TC5 0.119 0.194 0.229 0.364 0.095
TC6 0.144 0.225 0.124 0.402 0.105
TC7 0.000 0.422 0.047 0.344 0.188
TC8 0.107 0.206 0.168 0.432 0.088
TC9 0.099 0.182 0.152 0.470 0.098
TC10 0.092 0.196 0.150 0.438 0.124
TC11 0.000 0.077 0.171 0.692 0.060
TC12 0.043 0.085 0.149 0.691 0.032
TC13 0.152 0.152 0.342 0.278 0.076
 
 
Average Annual Growth Rates for Single and Multi-Unit Trucks  
 
Truck Class Site01 Site05 Site47 Site50 Site53 
TC4-TC7 -6.64% 2.79% 8.89% 10.93% 7.73% 
TC8-TC13 -15.54% 2.63% 0.19% 9.73% 6.30% 
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Urban 
 
Annual Average Growth Rate 
   
Truck Class Site26 Site29 Site42 
TC4 7.99% 5.51% 6.63%
TC5 3.41% 1.96% 7.98%
TC6 1.75% -0.10% 7.45%
TC7 3.06% 1.53% -12.54%
TC8 1.69% 1.38% 6.95%
TC9 4.38% 3.66% 8.09%
TC10 -0.63% 9.95% 12.75%
TC11 8.35% -4.42% 69.68%
TC12 -4.52% 1.46% 29.22%
TC13 10.98% 12.83% 13.98%
 
 
Weight Table 
 
 
 
 
 
 
 
 
 
 
 
 
Annual Average Growth Rates for Single and Multi-Unit Trucks 
 
 
Truck Class Site26 Site29 Site42 
TC4-TC7 3.20% 1.88% 7.37% 
TC8-TC13 3.97% 2.57% 7.82% 
 
 
 
Truck Class Site26 Site29 Site42 
TC4 0.216 0.432 0.352
TC5 0.337 0.325 0.338
TC6 0.393 0.319 0.287
TC7 0.394 0.242 0.364
TC8 0.296 0.319 0.385
TC9 0.248 0.477 0.275
TC10 0.315 0.353 0.332
TC11 0.113 0.657 0.231
TC12 0.083 0.719 0.198
TC13 0.189 0.350 0.461
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APPENDIX C 
Differences between Real and Predicted AADTTs conducted to the last year of 
AADTT available. 
 
 
 
 
Route Class Site 2003 Predicted 2003 R² Differences 
I-64 Rural SITE 01 ----  964 0.88 ---- 
I-79 Rural SITE 05 3089 3223 0.63 -4.34% 
I-64 Urban SITE 26 4912 5297 0.75 -7.83% 
I-70 Urban SITE 29 8562 8575 0.51 -0.15% 
I-64 Urban SITE 42 7150 7105 0.90 0.63% 
I-77 Rural SITE 47 2936 2704 0.15 7.90% 
I-81 Rural SITE 50 11805 11869 0.98 -0.54% 
I-68 Rural SITE 53 2576 2248 0.41 12.72% 
 
 
Differences between Real and Predicted AADTTs conducted to the last year of 
AADTT available for each truck classification in each site. 
 
 
Site01-- Functional Classes 
 
Truck Class 2000 Estimated 2000 R² Difference 
TC4 23 44.71 0.03 94.41% 
TC5 106 136.97 0.02 29.22% 
TC6 41 46.26 0.80 12.82% 
TC7 13 12.60 0.85 3.08% 
TC8 62 71.40 0.34 15.16% 
TC9 1017 1008.29 0.94 0.86% 
TC10 12 10.29 0.44 14.29% 
TC11 --- 19.00 0.68 --- 
TC12 --- -0.17 0.96 --- 
TC13 25 25.51 0.93 2.06% 
 
 Truck Class 2000 Estimated 2000 R² Difference 
TC4-TC7 183 241 0.06 31.44% 
TC8-TC13 1116 1119 0.96 0.24% 
 
 
 
 
* R² < 0.6 and Differences > 10% are shaded  
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Site05-- Functional Classes 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 36 38.66 0.83 7.38% 
TC5 240 262.00 0.59 9.17% 
TC6 108 113.71 0.60 5.28% 
TC7 29 28.71 0.12 1.01% 
TC8 160 188.33 0.56 17.71% 
TC9 2461 2533.51 0.64 2.95% 
TC10 40 39.39 1.00 1.52% 
TC11 --- 79.00 1.00 --- 
TC12 --- 5.33 1.00 --- 
TC13 15 18.20 0.85 21.30% 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 413 443 0.64 7.28% 
TC8-TC13 2676 2780 0.62 3.89% 
 
 
 
Site26-- Functional Classes 
 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 59 56.33 0.71 4.52% 
TC5 495 490.79 0.83 0.85% 
TC6 250 251.99 0.22 0.79% 
TC7 29 29.82 0.86 2.82% 
TC8 269 274.69 0.75 2.11% 
TC9 3676 4033.00 0.74 9.71% 
TC10 83 89.41 0.03 7.72% 
TC11 --- 170.46 0.84 --- 
TC12 --- 5.96 0.94 --- 
TC13 51 69.86 0.59 36.98% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 833 829 0.75 0.49% 
TC8-TC13 4079 4468 0.72 9.53% 
 
 
 
 
 
 
 
* R² < 0.6 and Differences > 10% are shaded  
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Site29-- Functional Classes 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4 122 94.33 0.44 22.68% 
TC5 467 439.25 0.43 5.94% 
TC6 194 189.08 0.00 2.53% 
TC7 21 17.17 0.07 18.25% 
TC8 332 290.25 0.12 12.58% 
TC9 7160 7352.25 0.70 2.69% 
TC10 159 158.42 0.91 0.37% 
TC11  --- 375.70 0.49   
TC12  --- 75.30 0.10   
TC13 107 129.75 0.75 21.26% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 804 740 0.37 7.98% 
TC8-TC13 7758 7835 0.49 0.99% 
 
 
 
Site42-- Functional Classes 
 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 83 83.42 0.99 0.50% 
TC5 629 610.28 0.96 2.98% 
TC6 253 238.02 0.81 5.92% 
TC7 21 16.53 0.25 21.31% 
TC8 496 452.30 0.82 8.81% 
TC9 5256 5331.72 0.91 1.44% 
TC10 184 188.18 0.91 2.27% 
TC11 --- -51.67 0.62 --- 
TC12 --- -25.67 0.96 --- 
TC13 228 201.78 0.89 11.50% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 986 948 0.91 3.83% 
TC8-TC13 6164 6157 0.90 0.11% 
 
 
 
 
 
* R² < 0.6 and Differences > 10% are shaded  
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Site47-- Functional Classes   
 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 83 84.30 0.77 1.57% 
TC5 429 417.30 0.73 2.73% 
TC6 59 41.80 0.56 29.15% 
TC7 3 2.70 0.15 10.00% 
TC8 155 138.90 0.18 10.39% 
TC9 2125 1959.70 0.01 7.78% 
TC10 35 33.40 0.68 4.57% 
TC11 --- 73.00 1.00 --- 
TC12 --- 8.00 1.00 --- 
TC13 47 43.20 0.96 8.09% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 574 546 0.73 4.86% 
TC8-TC13 2362 2158 0.0008 8.63% 
 
 
 
Site50-- Functional Classes 
 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 132 127.76 0.95 3.21% 
TC5 712 702.73 0.98 1.30% 
TC6 342 336.30 0.99 1.67% 
TC7 54 52.70 0.98 2.41% 
TC8 493 493.10 0.98 0.02% 
TC9 9830 9842.40 0.98 0.13% 
TC10 199 187.16 0.92 5.95% 
TC11 --- 993.67 0.89 --- 
TC12 --- 159.67 0.87 --- 
TC13 43 42.99 1.00 0.03% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 1240 1220 0.98 1.65% 
TC8-TC13 10565 10649 0.97 0.80% 
 
 
 
 
 
* R² < 0.6 and Differences > 10% are shaded  
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Site53-- Functional Classes 
 
 
Truck Class 2003 Estimated 2003 R² Difference 
TC4 34 31.15 0.82 8.38% 
TC5 225 202.37 0.69 10.06% 
TC6 79 66.18 0.23 16.23% 
TC7 9 4.05 0.25 55.00% 
TC8 141 124.17 0.62 11.94% 
TC9 2040 1782.39 0.41 12.63% 
TC10 32 28.16 0.47 12.01% 
TC11 --- -43.71 1.00 --- 
TC12 --- 1.07 0.89 --- 
TC13 16 14.20 0.76 11.24% 
 
 
 Truck Class 2003 Estimated 2003 R² Difference 
TC4-TC7 347 304 0.51 12.46% 
TC8-TC13 2229 1945 0.39 12.76% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* R² < 0.6 and Differences > 10% are shaded  
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APPENDIX D 
Growth Factor Analysis 
 
 
Analysis for Each Truck Classification 
 
 
All Interstates 
 
Average Annual Growth Rates for Each Truck Classification—All Interstates 
 
*Shaded boxes show negative growth rates 
 
Weight Table and Average Annual Growth Rates Weighted for Each Truck 
Classification—All Interstates 
 
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
Class-Weighted 
Annual Average 
Growth Rate – (All) 
TC4 0.118 0.072 0.101 0.205 0.145 0.128 0.188 0.044 15.44% 
TC5 0.058 0.087 0.166 0.158 0.169 0.112 0.198 0.052 10.81% 
TC6 0.051 0.096 0.213 0.168 0.158 0.049 0.220 0.045 8.76% 
TC7 0.099 0.205 0.185 0.122 0.096 0.020 0.234 0.040 11.55% 
TC8 0.045 0.087 0.146 0.166 0.201 0.077 0.230 0.048 8.79% 
TC9 0.037 0.082 0.122 0.242 0.129 0.077 0.265 0.046 6.05% 
TC10 0.019 0.059 0.169 0.263 0.192 0.060 0.201 0.037 23.34% 
TC11 0.022 0.037 0.068 0.310 0.104 0.082 0.346 0.031 4.14% 
TC12 0.023 0.039 0.039 0.352 0.097 0.070 0.360 0.018 6.43% 
TC13 0.050 0.029 0.167 0.267 0.299 0.089 0.077 0.022 20.49% 
 
 
 
 
 
Truck Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4 -49.16% 2.38% 26.28% 30.17% 8.98% 29.75% 30.15% 33.56%
TC5 -30.11% -0.41% 7.42% 6.21% 14.76% 29.18% 16.02% 27.42%
TC6 -26.06% -0.55% 3.36% 1.85% 19.23% 3.64% 21.10% 27.99%
TC7 -12.55% -2.55% 3.64% 14.56% 21.29% 0.00% 33.50% 24.57%
TC8 -22.04% 0.77% 1.72% 10.89% 16.11% 7.15% 9.65% 34.53%
TC9 -6.97% 0.01% 1.29% -0.92% 16.33% -4.63% 13.24% 24.17%
TC10 15.47% 9.00% -11.93% 8.13% 42.79% 3.03% 64.77% 26.19%
TC11 -14.58% 7.87% 8.97% -3.22% -21.98% -6.63% 23.77% -27.89%
TC12 -29.29% -4.35% -4.35% -0.74% -34.96% -7.17% 32.66% -9.14%
TC13 25.00% 10.76% -23.44% -3.12% 64.38% 20.29% 19.62% 51.57%
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Coefficient of Variation for Each Truck Classification based on AADTTs—All 
Interstates  
 
 
Truck Class Mean St. dev. Coefficient of Variation 
TC4 0.140 0.279 199.18% 
TC5 0.088 0.187 212.65% 
TC6 0.063 0.168 266.49% 
TC7 0.103 0.157 152.02% 
TC8 0.073 0.159 216.54% 
TC9 0.053 0.112 210.11% 
TC10 0.197 0.244 123.73% 
TC11 -0.042 0.173 -410.80% 
TC12 -0.072 0.204 -284.44% 
TC13 0.206 0.280 135.78% 
 
Rural Interstates  
 
Average Annual Growth Rates for Each Truck Classification—Rural Interstates 
 
Truck Class Site01 Site05 Site47 Site50 Site53 
TC4 -49.16% 2.38% 29.75% 30.15% 33.56% 
TC5 -30.11% -0.41% 29.18% 16.02% 27.42% 
TC6 -26.06% -0.55% 3.64% 21.10% 27.99% 
TC7 -12.55% -2.55% 0.00% 33.50% 24.57% 
TC8 -22.04% 0.77% 7.15% 9.65% 34.53% 
TC9 -6.97% 0.01% -4.63% 13.24% 24.17% 
TC10 15.47% 9.00% 3.03% 64.77% 26.19% 
TC11 -14.58% 7.87% -6.63% 23.77% -27.89% 
TC12 -29.29% -4.35% -7.17% 32.66% -9.14% 
TC13 25.00% 10.76% 20.29% 19.62% 51.57% 
  *Shaded boxes show negative growth rates 
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Weight Table and Average Annual Growth Rates Weighted for Each Truck 
Classification—Rural Interstates 
 
Truck 
Class Site01 Site05 Site47 Site50 Site53 
Class-Weighted 
Annual Average 
Growth Rate –(Rural) 
TC4 0.196 0.128 0.291 0.312 0.074 9.66% 
TC5 0.104 0.165 0.282 0.355 0.094 12.04% 
TC6 0.113 0.213 0.089 0.486 0.099 10.18% 
TC7 0.174 0.314 0.029 0.413 0.070 11.82% 
TC8 0.090 0.204 0.156 0.456 0.095 7.17% 
TC9 0.075 0.168 0.121 0.543 0.094 7.90% 
TC10 0.049 0.178 0.143 0.531 0.099 39.95% 
TC11 0.043 0.071 0.157 0.689 0.040 13.11% 
TC12 0.035 0.075 0.136 0.724 0.030 20.01% 
TC13 0.172 0.147 0.336 0.269 0.076 22.48% 
 
 
Coefficient of Variation for Each Truck Classification based on AADTTs—Rural 
Interstates  
 
Truck Class mean St. dev. Coefficient of Variation 
TC3 0.093 0.350 375.18% 
TC4 0.084 0.246 291.68% 
TC5 0.052 0.211 404.33% 
TC6 0.086 0.195 226.89% 
TC7 0.060 0.203 336.97% 
TC8 0.052 0.132 255.50% 
TC9 0.237 0.245 103.47% 
TC10 -0.035 0.200 -573.21% 
TC11 -0.035 0.225 -649.71% 
TC12 0.254 0.155 60.84% 
TC13 44.20 24.42 55.24% 
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Urban Interstates 
 
Average Annual Growth Rates for Each Truck Classification—Urban Interstates 
 
Truck Class Site26 Site29 Site42 
TC4 26.28% 30.17% 8.98%
TC5 7.42% 6.21% 14.76%
TC6 3.36% 1.85% 19.23%
TC7 3.64% 14.56% 21.29%
TC8 1.72% 10.89% 16.11%
TC9 1.29% -0.92% 16.33%
TC10 -11.93% 8.13% 42.79%
TC11 8.97% -3.22% -21.98%
TC12 -4.35% -0.74% -34.96%
TC13 -23.44% -3.12% 64.38%
 
Weight Table and Average Annual Growth Rates Weighted for Each Truck 
Classification—Urban Interstates 
 
Truck 
Class Site26 Site29 Site42 
Class-Weighted 
Annual Average 
 Growth Rate – (Urban) 
TC4 0.212 0.429 0.358 22.50% 
TC5 0.311 0.290 0.399 9.55% 
TC6 0.363 0.285 0.351 7.54% 
TC7 0.424 0.280 0.295 11.15% 
TC8 0.264 0.295 0.441 10.33% 
TC9 0.226 0.448 0.326 4.15% 
TC10 0.219 0.359 0.421 13.33% 
TC11 0.137 0.645 0.217 -5.53% 
TC12 0.079 0.753 0.168 -7.80% 
TC13 0.185 0.299 0.516 19.76% 
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Coefficient of Variation for Each Truck Classification based on AADTTs—Urban 
Interstate  
 
Truck Class Mean St. dev. Coefficient of  Variation 
TC4 0.218 0.113 51.73% 
TC5 0.095 0.046 48.91% 
TC6 0.081 0.096 118.13% 
TC7 0.132 0.089 67.68% 
TC8 0.096 0.073 76.14% 
TC9 0.056 0.094 168.68% 
TC10 0.130 0.277 212.99% 
TC11 -0.054 0.156 -288.20% 
TC12 -0.133 0.188 -140.83% 
TC13 0.126 0.460 364.64% 
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Analysis by Truck Groups (TC4-TC7, TC8-TC13) 
 
 
All Interstates 
 
Average Annual Growth Rates for Single and Multi-Unit Trucks for Each Site—All 
Interstates  
 
 
Truck Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
TC4-TC7 -32.19% -0.38% 7.04% 8.02% 15.34% 25.13% 19.16% 28.00% 
TC8-TC13 -8.47% -0.29% 0.52% -0.36% 16.48% -3.58% 10.62% 23.95% 
 
 
Weight Table and Annual Average Growth Rate weighted for Single and Multi-Unit 
Truck—All Interstates 
 
 
Truck 
Class Site01 Site05 Site26 Site29 Site42 Site47 Site50 Site53 
Class-Weighted 
Annual Average 
Growth Rate – (All) 
TC4-TC7 0.064 0.092 0.171 0.164 0.161 0.095 0.204 0.049 10.58% 
TC8-TC13 0.036 0.080 0.122 0.242 0.135 0.077 0.264 0.045 5.47% 
 
AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of Variation in Every 
Site—All Interstates  
 
 
 
Truck 
Class Mean St. dev. 
Coefficient 
of 
Variation 
TC4-TC7 0.088 0.191 217.91%
TC8-TC13 0.049 0.110 227.31%
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Rural Interstate 
 
 
Average Annual Growth Rates for Single and Multi-Unit Trucks for Each Site—Rural 
Interstates  
 
 
Truck Class Site01 Site05 Site47 Site50 Site53 
TC3-TC7 -32.19% -0.38% 25.13% 19.16% 28.00% 
TC8-TC13 -8.47% -0.29% -3.58% 10.62% 23.95% 
 
Weight Table and Annual Average Growth Rate Weighted for Single and Multi-Unit 
Truck—Rural Interstates 
 
 
 
AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of Variation in Every 
Site—Rural Interstates 
 
 
Truck 
Class Mean St. dev. 
Coefficient 
of 
Variation 
TC3-TC7 0.079 0.250 314.99%
TC8-TC13 0.044 0.130 291.49%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Truck Class Site01 Site05 Site47 Site50 Site53 
Class-Weighted 
Annual Average 
Growth Rate – (Rural) 
TC4-TC7 0.127 0.182 0.189 0.405 0.098 11.09% 
TC8-TC13 0.073 0.159 0.153 0.526 0.089 6.52% 
111  
Urban Interstates 
 
Average Annual Growth Rates for Single and Multi-Unit Trucks for Each Site—Urban 
Interstates  
 
 
Truck Class Site26 Site29 Site42 
TC4-TC7 7.04% 8.02% 15.34%
TC8-TC13 0.52% -0.36% 16.48%
 
Weight Table and Annual Average Growth Rate Weighted for Single and Multi-Unit 
Truck—Urban Interstates 
 
 
 
 
 
AADTT for Each Truck Group (Single/Multi-Unit) and Coefficient of Variation in Every 
Site—Urban Interstates 
 
 
Truck Class Mean St. dev. Coefficient ofVariation 
TC4-TC7 0.101 0.045 44.74%
TC8-TC13 0.055 0.095 170.89%
 
 
 
 
 
 
 
Truck Class Site26 Site29 Site42 
Class-Weighted 
Annual Average 
Growth Rate – (Urban)
TC4-TC7 0.345 0.330 0.325 10.06% 
TC8-TC13 0.244 0.486 0.271 4.41% 
